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Introduction 


The  U.S.  Air  Force  Medical  Service  presented  the  sixth  annual  Air  Force  Medical  Research  Symposium  coordinated  by  the 
Air  Force  Medical  Support  Agency’s  Research  and  Development  Division  (AFMSA/SGRS).  The  symposium  was  held  on  2- 
4  August  2011  in  the  Washington  DC  area  at  the  Gaylord  National  Resort  Hotel  and  Convention  Center  in  National  Harbor, 
MD.  The  symposium  featured  two  half-days  of  plenary  sessions,  one  and  a  half  days  of  scientific  presentations,  and  a  poster 
session. 

The  symposium  was  organized  into  several  tracks  to  include  Enroute  Care,  Force  Health  Protection,  Healthcare  Informatics, 
Operational  Medicine  (In-Garrison  Care),  and  Psychological  Health/Traumatic  Brain  Injury,  as  follows: 

•  The  Enroute  Care  Track  addressed  science  and  technology  targeted  at  the  continuum  of  care  during  transport  from 
point  of  injury  to  definitive  care  including,  but  not  limited  to:  Casevac,  Medivac;  Aeromedical  Evacuation;  Critical 
Care  Air  Transport;  and  Patient  Staging.  Further  areas  addressed  included:  patient  stabilization;  patient  preparation 
for  movement;  impact  of  in-transit  environment  on  patient  and  AE  crew  physiology;  human  factors  concerns  for  AE 
crew  or  patient  population;  AE/medical  personnel  training;  infectious  disease/control;  bum  management;  pain 
management;  resuscitation;  lifesaving  interventions;  and  nutrition  research  in  the  enroute  care  environment. 

•  The  Force  Health  Protection  Track  focused  on  prevention  of  injury  and  illness  and  the  early  recognition  or  detection 

of  emerging  threats  for  in-garrison  or  deployed  operations.  Topics  of  interest  include  research  in  bio-surveillance, 
infectious  disease,  emerging  threats  (pandemic  response),  protective  countermeasures,  disaster 

response/consequence  management,  toxicology/health  risks  (e.g.,  particulates  nanomaterials,  radiation,  etc.), 
monitoring  disease  trends,  other  areas  of  preventive  medicine,  public  and  environmental  health  relevant  to  the 
military  workforce. 

•  The  Healthcare  Informatics  Track  focused  on  the  use  of  innovative  information  management  &  technology  solutions 
that  enhance  healthcare  delivery  at  any  point  of  the  full  spectmm  of  patient  care  to  include  medical  simulation  and 
training. 

•  The  Operational  Medicine  (In-Garrison  Care)  Track  focused  on  care  delivered  in  the  outpatient  or  inpatient  in¬ 
garrison  setting  and  on  enhancing  the  performance  of  airman  in  challenging  operational  and  expeditionary 
environments. 

•  The  Psychological  Health/Traumatic  Brain  Injury  Track  addressed  topics  pertaining  to  screening,  diagnosis,  and 
treatment  of  TBI  and/or  Psychological  Health  in  the  military  community.  Specific  focus  areas  within  Psychological 
Health  included  depression,  substance  use  disorders,  family  functioning,  and  suicide  prevention.  Topics  of  special 
interest  included  field-deployable  diagnostic  tests  for  mild  TBI  (concussion),  blast  modeling,  large  epidemiologic 
studies  of  Psychological  Health  and  TBI,  and  strategies  for  translating  research  into  practice. 

These  proceedings  are  organized  into  five  volumes,  as  follows: 

•  Volume  1.  This  volume  is  a  general  overview  of  the  entire  2011  Air  Force  Medical  Research  Symposium  and 
includes  abstracts  of  all  the  oral  presentations  and  posters.  First  presented  is  the  symposium’s  opening 
plenary  session,  followed  by  the  abstracts  from  the  four  technical  tracks,  and  then  the  closing  plenary 
session.  The  abstracts  associated  with  the  poster  session  are  in  the  last  section  of  these  proceedings.  The 
agenda  for  the  overall  symposium  is  in  Appendix  A,  attendees  are  listed  in  Appendix  B,  and  continuing 
education  information  is  in  Appendix  C  of  this  volume.  Appendices  D-J  are  copies  of  presentation 
slides  from  the  plenary  sessions. 

This  volume  contains  abstracts  and  presentation  slides  for  the  Enroute  Care  Track. 

This  volume  contains  abstracts  and  presentation  slides  for  the  Force  Health  Protection  Track. 

This  volume  contains  abstracts  and  presentation  slides  for  the  Healthcare  Informatics  Track. 

This  volume  contains  abstracts  and  presentation  slides  for  the  Operational  Medicine  (In-Garrison  Care) 
Track. 

This  volume  contains  abstracts  and  presentation  slides  for  the  Psychological  Health/Traumatic  Brain 
Injury  Track 


•  Volume  2. 

•  Volume  3. 

•  Volume  4. 

•  Volume  5. 

•  Volume  6. 
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Air  Emissions  Characterization  and  Geospatial  Exposure  Modeling  from  Open  Burning  of 
Representative  Military  Deployed  Waste 

AF  Institute  of  Technology 

Lt  Col  Dirk  Yamamoto 


Open  burning  of  US  military  waste  while  deployed  has  attracted  considerable  attention  over  recent  years  due  to 
reported  health  problems  among  returning  military  members.  In  conjunction  with  the  rest  of  DoD,  the  US  Air 
Force  has  conducted  considerable  sampling  and  risk  assessment  at  deployed  sites.  At  the  Air  Force  Institute  of 
Technology  (Wright-Patterson  AFB,  OH),  recent  research  has  focused  on  building  a  retrospective  plume 
dispersion  modeling  tool  for  particulate  matter  exposures,  to  better  characterize  the  risk  profile  for  deployed 
members.  This  approach  may  provide  more  realistic  exposure  estimates,  versus  assigning  a  single  exposure 
value  for  an  entire  population.  Ongoing  research,  sponsored  by  AF  Surgeon  General  and  performed  in 
conjunction  with  the  US  Environmental  Protection  Agency,  will  first  determine  emission  factors  and  likely 
concentrations  of  key  contaminants  by  performing  small-scale  laboratory  bums,  with  subsequent  large-scale 
outdoor  bums  to  evaluate  the  effectiveness  of  air  curtain  burners  as  an  alternative  to  open/surface  burns.  A 
primary  objective  of  the  research  is  to  address  the  question  on  whether  segregation  of  plastics  makes  a 
significant  difference  in  emissions  from  open-  and  air  curtain  burning.  A  secondary  objective  is  to  further 
develop  the  software  plume  dispersion  modeling  tool  to  better  predict  downwind  risk  to  personnel  near  burn 
sites.  This  presentation  provides  a  status  update  of  the  ongoing  research  at  the  Air  Force  Institute  of 
Technology. 
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V  SWil 

Bum  Pit  Waste:  Air  Emissions 
Characterization 

AF  Medical  Research  Symposium,  2  Aug  2011 

<  k  Dirk  P.  Yamamoto,  PhD,  CIH,  PE 

Vj#  Lt  Col,  USAF,  BSC 

Air  Force  Institute  of  Technology 
Hr  Wright-Patterson  AFB,  Dayton  OH 

UA  AIR  FOfCU  <937>  255-3636  x  451 1 

dirk.yamamoto@arit.edu 


Disclaimer 

run  AH1  n*  loony  u  hm  A,r  Fare*  at  Tamantum  ' 


The  views  expressed  in  this  presentation  are  those  of  the 
author  and  do  not  reflect  the  official  policy  or  position 
of  the  United  States  Air  Force,  Department  of  Defense, 
or  the  U.S.  Government."* 


Air  tfm'wwry  Ttrm  IrtlnUt^  Ivml  jnd  I  xmdmK/i  CmCm  ufthvAiri 

Ain  tn9h...r>f  -  nth<- wh 


V 


Outline 


r-AFil 


m  Aft  I  of  loan y  is  file  An  Font  of  lomomm.m 


Background 

AFIT  Dispersion  Modeling 
Small-Scale  Emissions  Tests 
Large-Scale  Emission  Tests 


W  Background  TALlI 

ran  Attl  of  loony  a  Iff  Air  Font  of  lomomm. 

•  Open  pit  burning-*  expediency 

•  Simple,  relatively  inexpensive 

•  Less  force  protection;  no  off-the-base  convoy 

•  Vector-home  disease  control 

•  Aesthetics/odors 


*  Concerns 

•  Emissions  ->  potential  health  risk 
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V  Background  <-AFQ 

Tha  4*77  at  Unity  m  th*  Air  Fora*  at  Tomorrow  - 


•  4-10  pounds  of 
waste  per  soldier, 
per  day 

•  Alternatives 
include: 

•  Reduction 

•  Reuse 

•  Recycling 

•  Incinerators 

•  Burn  boxes 


Art  Untvvruiy.  Tim  Inti  Ifc  Hutl  and  1  rmiAntAifi  Cmtrr  ut  Pm  Ait  i 
Ah,W9h...n»-n9ht-Yih 


V  Pollutants  of  Concern 

ThaAFtT  at  TatUty  u  trt* *  Alt  Fare*  at  Tamamw 


•  Particulate  Matter:  PM10f  PM?3 

•  Ambient:  typically  above  levels  seen  stateside 

•  Naturally-occurring  man-mad* 

•  Metals: 

•  In  native  soil 

•  From  burning 

•  Dioxins/Furans: 

•  Low-temperature  burning,  especially  from  plastics 


Ain  -ntht-W)n 


V  Pollutants  of  Concern  (con’t.)<--AFli 

Ttta  At-tl  of  toany  a  ffin  An  Foron  of 

•  Polycyclic  Aromatic  Hydrocarbons  (PAHs): 

•  Incomplete,  low-temperature  combustion  of  organics 

•  Volatile  Organic  Compounds  (VOCs) 

•  Combustion  of  organics 

•  Fueling  operations,  etc. 


Alt  UnVwwiy.  Tkt  IntrVreUti  amt  imdrfAho i  Cmtrt  at  pit  Ait  rate*  ^ — 
Hint,  ..Ft,  -«*•»  -  Wte 


Background  fMFil 

fta  Atfl  of  loony  la  mm  Air  Foret  of  lomonom 


■  “Newly  Reported  Respiratory  Symptoms  and 
Conditions  Among  Military  Personnel  Deployed  to 
Iraq  and  Afghanistan:  A  Prospective  Population- 
based  Study  ’  (Smith,  2009). 

•  "Deployers  had  a  higher  rate  of  newly  reported 
respiratory  symptoms  than  nondeployers  (14%  vs. 
10%)’’ 

•  Deployment  length  was  linearly  associated  with 
increased  symptom  reporting  in  Army  personnel’' 

•  'Specific  exposures,  rather  than  deployment  in 
general,’'  are  strongly  suggested  determinants  of 
post-deployment  respiratory  illness." 

— ■  AkUmntnF,.  ThftmrFFClaaUml  Lraitriatyp  Cmirt  at  Pit  An  Tattt 

Aun  tttitti  ..ry-F)9M-Wn> 
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Sy  Background  Mil 

•  Balad  burn  pils  have  closed 

•  Attention  has  shifted  to  Afghanistan,  where  open 
burning  remains  a  common  practice 

Number  of  Burn  Pits  in  Iraq  & 

Afghanistan 


Aim  Hlyh.Fty  W» 


Background  ^AFJJ 

rn*  AHT  nt  Jenny  u  «n#  Ait  Fare*  at  Tamanon* 


•  Small  bases  more  likely  to  rely  on  open  burning  lhan 
large  bases 

•  Large  bases:  often  have  burn  boxes,  incinerators, 
means  to  recycle 

•  Challenge:  disposal  method  must  keep  up  with 
generation  rate 


A»  Uniymtity.  Ttm  feMhvTual  ««d  (  r.Omhi,, 

Ainff* -n*ht-w» 


\ ^  Background  ^AFjX 

the  AHt  at  today  u  Itte  Alt  fore*  of  tomorrow 

•  USACHPPM/USAF  AFIOH  Screening  Health  Risk 
Assessment  Balad  Air  Base.  May  2008 

•  Of  163  PM  10  samples,  50  exceeded  the  one- 
year  MEG 

•  But.  is  representative  of  the  region.  . 

•  “Testing  results  do  not  indicate  that  PM10 
was  significantly  increased  by  bum  pit 
operations" 

•  ‘'Acceptable1'  health  risk  for  both  cancer,  non- 
cancer  long-term  health  effects. 


Ait  (tar«v/criy;  7Atbtrt*ttu*i*atlLr*aet»KpCenttrafthrAieroret 
Ain  WgA  ..Oy  -  Ft)  lit  -  Win 
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Background1 

fft* *  A>»7  nf  liw]*y  M  tr\*  A#  Fatch  M  [/univmu  ■ 


•  October  2009:  NDAA  FY10.  Section  317 

•  Requires  DoD  to  prescribe  regulations  prohibiting  disposal 
of 'covered  wastes  in  open-air  bum  pits,  except  when 
SecDef  determines  no  alternative 

'  'Covered  waste  includes  haz  waste,  regulated  medical 
waste,  tires,  treated  wood,  batteries,  PCBs,  petroleum, 
oils,  lubricants,  asbestos,  mercury,  etc 

•  March  2010:  DoD  issued  DTM  09-032  to  echo  Section 
317 

•  Commanders  given  discretion  to  conduct  open  air  burning 
when  deemed  necessary 


v  Disposal  Methods  ^j-AFjJ 

rn»  AFff  ivf  Jtumy  M  *n#  Air  Fare*  At  TamAirtmc 

•  Solid  waste  incinerators 

•  Dual  combustion  chambers,  emissions  stack 

•  Enclosed  combustion  chambers->more  complete  bum 

•  Burn  boxes:  air  curiam  or  Munson  burners 

•  Designed  for  wood  waste,  not  necessarily  food/plaslic 

•  Burn  pits/surface  burns 

•  Landfills 
-  Lined 

•  Unlined 


Mt  UmrmJtf  Tim  km+rctutl  »ml  I  Onntm  afltm  ttrf  Fu 

A  tnWull.,.rk-r*h'-Y*> 


A»  Lhnrarirly  Vm  4 ml  I  ntlmtkip  Cmum  rftfir  A» 

(Un  W9h.,.P)  -rVW-Wfo 
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V  GAO  Report,  Oct  2010  fMFJI 

the  Atff  at  loOey  a  the  Air  tone  of  lomomm. 

Kov  findings: 

•  DoD  should  improve  adherence  to 
guidance 

•  9.g.,  plastics  were  being  burned,  not 
resourced/trained  to  sort  trash 

•  Slow  to  implement  incinerators,  other 
alternatives 

•  Contracts  didn’t  reflect  current  guidance 

•  Long-term  health  implications  cannot  be 
ruled  out 


Air  Umtrruiy.  The  lnte»ettii*)  tod  Leedeahip  Center  of  the  Air  Torse 
Atm  ttigh..rf)f  -  «jM-  WSn 
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AFIT  Dispersion  Modeling 


AJf  W#tar**y  Tin  Xw<m*1v*)  irtd  JfrFfl 

Aim  Hip*  ftf-  f,g*l  -  LYin 


W  JBB  Burn  Pit 


V  Joint  Base  Balad  (JBB)  fjrAFil 

rn* * AF17 er Tiftfe# sf 

*  Had  a  KBR-opemted  bum  pit 

*  20-acne  site 

*  Up  to  240  tons  of  trash  per  day 

*  Jet  fuel;  used  as  accelerant 
-  Plume  behavior: 

*  Subject  to:  inversions,  wind  direction  changes 
-  H6  Housing;  elcso  proximity  EC  bum  pit 

■  Multipl  e  sam  pi  i  ng  eve nts; 

*  2004:  VGC  sampling;  PM  10  &  metals  also 

*  2005:  PAHs 


Air  lAmi™r*irjf  ¥Jss  ijrfihjijujr  anrf  (.atdarutvp  pint*  ifm*#  fiKW 
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JBB-  Sampling  Locations  'j-Aflj 

^ re*  AF1T at  taMy  M  Mm  Atr  Fora*  at  Tamanaw 


V  Data  Example  ^MFll 

re* *  AFTt  at  lattay  u  m*  Ait  Fate*  at  Tamammt 


•  Ideally:  all  analytes,  all  sites,  all  days 
•  With  meteorological  data  known 

•  Reality:  select  analytes,  certain  sites,  certain  days 
Daily  fPMIQ  levels  in  ug/m31 


SITE  ID 

22-Apf-03 

24-Aer-03 

28  -Apr- 03 

29-Acr-03 

31 -Mar-04 

l-Aor-04 

2-Aof -04 

A 

71.81 

73.89 

B 

246  42 

264.46 

c 

D 

E 

y 

0 

73.16 

248  25 

i 

83  01 

131  49 

329.77 

j 

K 

AFIT  Burn  Pit  Research  ffAfil 

re«  Af-tl  ot  loony  to  rfw  Air  ton*  of  l«no#ro«» 

•  Student  research  by  MSgt  John  Rinker 

•  Retrospective  geospatial  modeling  of  burn  pit  omissions 
at  Joint  Base  Balad  (JBB):  PM  10 

•  Create  gcospatially-cnablcd  plume  (dispersion)  model 
to  provide  spatiotemporal  exposure  bands 

•  Exposure  contours 

•  e.g.,  not  everyone  at  JBB  had  the  same  exposure 
(not  a  single  exposure  group) 


Air  IM>Vk»IV;  74f  htrJIrttvtl  tad  i  tadtfsAJfi  Crrttt  at  rtf  Air  tart* 
Aim  High  .Fty -«gp« -  Wh 
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m 


■  Tltt  AFIJat  faHaytt  tt»»  Alt  Font  at  Tt 


IDW  Interpolation.  Continuous  PM  10,  Jomi  Base  Balad,  N>=3 


...and  create  a 
continuous 
concentration 
or  exposure 
‘surface’  or 
map. 


o I 


AmUwh..,rb-r*>n-Yitf> 


n>»  AFtT  at  Tattay  a  tn*  Ait  Font  at 


Comtmtd  ktonlonn^ntotpaiilid  wd  Dttfwskm  ModeM  PM10 


IJ.UfHI.WJ. 


Monitoring 
results  can  be 
compared  with 
dispersion 
models. 


Aim  Ftt  -  'V'f  -  •  •*  l  * 


Be  careful.  fjfiAFU 

iuw  inErpoGiK^f’.  Ktiriumg  ptjfri$rMTi 


Some  sites 
have  low  n, 
reducing 
confidence 
in  their  -< 
averages. 


•f 


Unsampled 
areas  are  more 
uncertain 
when 

interpolated, 
as  their  values 
are 

determined  by 
nearest  points. 


PMIOfrom  Bum  Mil  Sn*«a*vtg  *  Warning 


Logon  a 

CornMnuJ  PM13  (IMF) 


WORK  (12H«) 

— n.y - 


•  (CshmaTSbep  +  Cwo*Two<rk)/T  = 

•  (2  \ig!m2  x  0  5d  +  9  pg/mJ  x  0.5d)/1d  =  5.5  pg/m3  (min) 

•  (3  pg/m3  x  Q.5d  25  pg/m3  x  0.5dyid  =  14  pg/m3 
(max) 


Ar/UaiYfftrly.  10*  MNfrc(V»>«n4  If  OKS*  V  vfnfc<  ot  Fte  *.r  tvtt 
Aim  Hiya  .Ftf  -r<v*t-YA» 


Aim  Mf Vi... Fly 
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Spatial  Modeling  rSAFil 

TAs  AFIT  at  Unity  M  tn* *  AS  fore*  at  Tama 

•  Griddcd  sampling  with  al  least  30  sites  is  recommended 

•  Georeference  all  sampling  results 

•  Ideally,  should  not  apply  last  year’s  results  to  this  year’s 
deployments 

•  Sample  all  season 

•  If  a  person  is  deployed  in  the  summer  (or  other  season) 
only,  do  not  use  annual  averages  (and  vice  versa) 

•  Sample  the  same  sites 
«  Synchronous  sampling 

•  Replicate  sampling 


At’  Um«rr  u’ry  Ttm  htrAti  turn!  std  I  paifrviAgi  Ci~»Or  u fits’ Air  I 

AtntK9h...n, -ntht-Yih 


V  Mil 

DM  AH!  at  Tansy  tarns  Ait  Fates  at  Tam  atm**.  - 


Phase  1: 

Small-Scale  Emissions  Testing 

— 

Ait  OmvOTvfy  Ttm  ItrltAt*  tv»i  ssd  I  ndtnhr/i  Ctvtsr  tilths  Ait  i 

Afal  -  ivv> 


Small-Scale  Testing  ^AfJJ 

ttn  At-tl  at  toary  a  the  A*  toree  at 

•  Funded  by  AF/SG9 

•  EPA  Open  Burn  Test  Facility,  Research  Triangle  Park  NC 

•  June  201 1 

•  World’s  foremost  experts  on  air  emissions  research 

•  Small-scale  testing  using  a  controlled-fire  chamber  for 
sampling  emissions 

•  Use  simulated  deployed  waste 


Alt  Umtwwiy.  Tht  fstrDtcbial  •nJ  imdttshifi  Cmrrt  at  tits  Ait  fate* 
Asa » tyh.Ftf  -r*iw  -  w* 


V  Small-Scale  Testing  fi'AFlI 

'  Urn  AH!  at  tansy  Is  me  Air  Foret  at  lamotmn 

1 .  Types  and  levels  of  contaminants  (emissions) 

•  Dioxins  (PXDD,  PXDF) 

•  CO.  COj 

•  PM10,  PM2.5 

•  Metals 

-  Polycyclic  aromatic  hydrocarbons  (PAHs) 

•  Real-time  napthalcne.  BTEX,  etc. 

2.  Resulting  emission  factors 

•  To  improve  dispersion  modeling 

3.  Address  the  plastic-no  plastic  question 


Ak  it’s  rtf  lity.  7hslstrttfttislsml  Lrsiir'tKa  Cmnt  *1  tht  A*  Taret 

4*n  my*  ..ny-Rtht-Wla 
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Methodology  •  .-Al  l  I 

rht  AFIT  nr  Itu ley  w  to*  Air  Fore*  ol 


•  Burn  hul'.  fire-resistant  shed 

-i 

•  Real-time  mass  (i.e.,  scale) 

mmt 

•  Thermocouples  measure  bum 
temperature,  room  temperature 

rr 

1 

-  Circulation  fans 

*  Make-up  air:  maintain  adequate  0? 

11 

•  Emissions  testing  at  exhaust  & 
downstream 

oi.  -^r- 

•  Foil-lined  to  prevent  cross-contamination 

■m 

SEPA 

tit  Unwrvly.  Tim  hli4Mi»l  »nd  1  nufeuAyi  Cmttm  of  Itm  tit  Fa 
Afcn  - /Vk  - 


Sy  Notional  Waste  Composition  ffAFil 


•  Plastics  (10%) 

*  Misc.  Combustibles 

(75%) 

•  PETE 

4  5% 

*  r abrics,  synthetic 

5  0% 

•  HDPC 

05% 

•  Fabrics  natural 

100% 

.  pp 

1  5% 

•  Canvas,  military 

25% 

.  PVC 

10% 

•  Cardboard 

7  5% 

•  PS 

15% 

•  Paper 

22  5% 

•  PU  (foams) 

05% 

•  Rubber 

25% 

•  ABS  (electronics) 

0  5% 

•  Wet  food  waste  (slop) 

22.5% 

•  Wood  (6%) 

*  Oils  and  greases 

25% 

•  Treated  (pallets) 

30% 

•  Other  (5%) 

♦  Untreated 

30% 

«  Glass 

30% 

*  Metals  (4.0%) 

•  AhjminunVTin 

♦  'rcn/Steel 

20% 

10% 

•  Building  Materials 

20% 

•  Copper  Wire,  Insul 

10% 

Note  Accelerant  fuel  (JP-8)  is  added 
to  ignite  solid  waste  1  gal/100  lbs 

tie Unit/ertriy.  7h*hMhet**l *ml  Let^emhifi  Center  al the  Air  Terte 
Atm  -  «j«-  WJn 
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W  Bum  Hut 


tk»  AfU  at  latity  m  th»  Air  Fare*  at 


Ail  Unvpruiy.  The  Inn  »  l  lunl  and  I  paifrriAgi  Cmntmr  attorn  Ail 

Ah i  ltfvh..jfy  -  flfetf  -  VA> 


V  Emissions  -\Aill 

ffte  AtU  ot  lotSry *  *  ttieAetaroe  at 

•  Polybrommatcd  and  chlorinated 
dibonzodioxins/dibcnzofurans  (PXDD/PXDF) 

•  EPA  Method  TO-9A 

•  Polycyclic  aromatic  hydrocarbons  (PAHs) 

•  Method  0010 

•  Aromatics,  including  naphthalene  and  BTEX 

•  REMPMOf-MS 

•  Volatile  organics: 

•  Method  TO-14  with  a  45-tnin  integrated  sutrma  canister 

•  PM2.5:  gravimetric  and  metals  via  ICP 

•  PM10 


At  The  htetntool  end  L  to  An  sA  ip  Cmtn  of  toe  A iT one 

Aim  Wfh  ..Ft/  -  rifht .  W*> 


SJ  Emissions 

The  AHT  at  fens y  u  tn*  Ait  Fate*  at  Tamamoat 


Am  [/m  wiwly  ImlmAnluil end  t  ndmnhip  Center  ufltimAm  l 

Ah\ttv,.,.r>)  -rhh-wh 


AJtUnimAty.  The  ktMieohitl  i*d  LeeAnthip  Crotw  ottoe  Am  Tone 
Atm  High. ..Ft/  -  Ftf  ht-  W0> 
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Tt»  A nr  a#  It* 1*y  t*  tH*  Air  nt 


Phase  II: 

Large-Scale  Emissions  Testing 


Air  Mmiiiy.  Ttm  htrUritual  and  i  Onw  u/  I**r  tit  ft. 

AhttNih-n)  -rbht-Yito 


V  Large-Scale  Emissions  Testing 

lh* *AHI  et  Ttxuy  at  m*  Ait  Fate*  of 

•  AF/SG9  funded 

•  Burn  representative  waste  at  Tooele 
Army  Depot  (Tooele  UT) 

(1)  Open  burning  (surface) 

(2)  Air  curtain  burner 

•  Approximately  10  tons/day  (1  roll-off 
dumpster) 

•  Emissions  testing:  near  the  source 

•  Downwind  measurements 

•  Sep  2011 


Art  (Jnnvrdiy.  T*~foMb*fuar*«d  IndMil^ 
A4nr«8*.,./7y  -JVK-Wta 


Large-Scale  Testing  ffAFil 

me  Aft  I  at  looey  to  t tie  Air  tore*  or 

1 .  Compare  emission  factors  to  Phase  I 

•  What  effects  do  differences  in  waste  composition 
have  on  emissions? 

■  eg.,  city  waste  vs.  constructed  waste 

•  Can  small-scale  be  used  to  answer  questions  in  lieu 
of  large-scale  burns? 

2.  Compare  emission  factors: 

1)  Surface  burns  vs.  2)  Burn  box 

3.  Capture  downwind  samples: 

•  To  validate  software  dispersion  model 

•  To  test  C02  as  a  surrogate  of  PM  exposure 

■  ■  Ai/Urhrrrtrty.  htrJftilvi'  trfd  iredrrtArfi  Crotrr  at  dtt  Air  farct 

Atm  Hip*  .fjy  - /7y*r  -  W» 


V  2010-  Deepwater  Horizon  Ml! 


l  tie  Aft  I  of  today  a  me  Air  force  ot  lomcmm 


Air  (Ahuvftr'ry.  Thahnr/fttbiaiaod  Leaderthip  Crottr  a t  the  Air  raw  ^ ■ 
Atm  Wt)A...ny  -  Win 
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Inhalation  Exposure  to  JP-8  Jet  Fuel  Enhances  Susceptibility  to  Noise  Induced  Hearing  Loss  in  Rats 
711  HPW/RHPBA 
Dr.  David  Mattie 


Studies  identified  organic  solvents  as  potential  ototoxicants  promoting  noise-induced  hearing  loss  (NIHL).  The 
ability  of  JP-8  to  enhance  susceptibility  to  noise  exposure  on  auditory  function  was  studied  in  rats.  An  initial 
study  exposed  rats  to  0,  75,  85  or  95  dB  octave  band  noise  for  6  hours  per  day,  5  days  per  week  over  4  weeks. 
Hearing  loss  was  assessed  using  distortion  product  otoacoustic  emission  (DPOAE)  to  evaluate  outer  hair  cell 
function  and  compound  action  potential  (CAP)  to  determine  hearing  threshold.  Histopathology  of  cochleas  was 
conducted  to  determine  percentage  of  hair  cell  loss.  Noise  exposure  of  85  dB  was  identified  as  the  LOAEL  and 
was  used  in  the  second  study  to  investigate  combined  effects  of  JP-8  and  noise  on  hearing  by  exposing  rats  to 
85  dB  and  either  0,  200,  750  or  1500  mg/m3  JP-8  for  6  h  per  day,  5  days  per  week  over  4  weeks.  DPOAE,  CAP 
and  histopathology  of  the  cochlea  for  rats  exposed  to  noise  and  JP-8  showed  a  dose  response  increase  in  hearing 
loss  greater  than  seen  with  just  85  dB  alone.  A  third  study  with  just  JP-8  alone  resulted  in  no  hearing  loss 
indicating  JP-8  only  potentiates  NIHL.  A  fourth  28-day  study  consisted  of  exposures  at  102  dB  for  15  min  per 
hr  for  6  hrs  per  day,  1000  mg/m3  JP-8  for  6  hr/day,  combined  exposure  to  both  noise  and  JP-8,  and  no 
experimental  treatment.  Auditory  testing  again  showed  JP-8  by  itself  didn’t  produce  hearing  impairment  but 
male  rats  were  affected  more  than  females. 
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Outline 


Integrity  +  Service  +  Excellence 


Inhalation  Exposure  to  J P-8 
Jet  Fuel  Enhances 
Susceptibility  to  Noise 
Induced  Hearing  Loss  in 
Rats 

2  Aug  2011 


DAVID  R.  MATTIE,  PhD,  DABT 
Senior  Research  Toxicologist 
711  HPW/RHPB 
Air  Force  Research  Laboratory 

AFRL 
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DistrlB  111  ten  A.  Approved  for  p  uhlte 
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Project  Goal  and  Objectives 


m  v 


Background 


*  Goal 

-  To  show  if  there  is  an  association  between  jet  fuel  exposure 
and  noise-induced  hearing  loss. 

*  The  hypothesis  is  that  JP-8  jet  fuel  contributes  to  hearing 
loss  when  combined  with  high  noise  exposure  that  is  still 
below  the  exposure  limit  for  noise. 

*  Objectives 


*  Dr  Fechter  exposed  rats  to  1000  mg/m3  JP-8  for  4  hours  followed  by  either: 

•  noise  (105  dB)  for  4  hours  for  one  day 

•  noise  (97  dB)  for  4  hours;  repeated  for  5  days 

•  noise  (102  dB)  for  1  hour;  repeated  for  5  days 

*  Did  not  examine  multiple  dose  levels  of  jet  fuel 

*  Noise  level  was  equivalent  to  the  PEL  for  noise 

•  90  dB  using  the  A  weighting  scale  for  an  8  h  TWA 


-  Design  noise  generation  system  for  Navy  Chambers 

-  Conduct  4  28-day  animal  studies 

-  Compare  jet  fuel  exposures  and  kinetics 

-  Publication  showing  relationship  between  noise  and  jet  fuel 
exposure 


•  JP-8  alone  did  not  cause  any  disruption  of  auditory  function 

•  Although  effects  were  not  consistent  combined  JP-8  +  noise  produced  greater 
impairment  than  noise  alone 

•  JP-8  also  caused  significant  depletion  of  GSH  indicating  oxidative  stress  as  a 
possible  mechanism  of  action  for  the  promotion  of  hearing  loss 

•  Initial  data  supporting  an  interaction  between  JP-8  and  noise  exposure  on 
hearing 


AFRL 


•  Fechter,  L.D.  Gearhart,  C.,  Fulton,  S.,  Campbell,  J.  Fisher,  J.,  Na,  K.,  Cocker,  D.,  Nelson  Miller, A.,  Moon,  P., and  B. 
Pouyatos.  (2007).  JP-S  Jet  Fuel  can  Promote  Auditory  I  mpairment  Resu  Iting  from  Subsequent  Noise  Exposure  in  Rats. 
Tox.  Sci. ,  9£,  510-S2S 


AFRL 
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Background 


c  y 


Methods 


*  Dr  Fechter  exposed  rats  in  nose-only  chambers 

*  Subsequent  study  by  his  lab  showed 

*Acute  nose-only  exposures  caused  significant  depletion  of  liver  GSH  levels 
after  clean,  filtered  air 

*  Same  effect  seen  with  JP-8 

*  Raises  questions  about  combined  JP-8  and  noise  effects  seen  in  Fechter 
(2007) 

*  Need  whole  body  exposure  chambers 


•  Fechter,  L.D..  Nelson-Miller.  A.  and  Gearhart.  C.  (2008).  Depletion  of  Liver 
Glutathione  Levels  in  Rats:  A  Potential  Confound  of  Nose-Only  Inhalation. 
Inhalation  Toxicology,  20:906-910 

Dis*b<jSon  A  A fitxtma  tt <f  sMbmSon  irtMOd 


AFRL 


5 


’Basic  Design 

•  Using  whole  body  exposure  chambers 

•  Will  eliminate  stress  that  may  have  contributed  to 
previous  findings 

•  Noise  and  JP-8  at  the  same  time 

•  Three  concentrations  of  JP-8  plus  noise  level  known 
to  produce  mild  hearing  loss 

•  Longer  time  of  exposure  and  more  days  of  exposure 


AFRL 


Methods 


Methods 


•  Major  accomplishments: 

•  Noise  system  for  inhalation  chambers  developed  by* 

•  John  Stubbs,  Capt,  USAF  as  MS  Graduate  Student 

*  Under  mentorship  of  Lt  Col  Jeremy  Slagley  -  AF  IT  Assistant 
Professor 

•  Completed  all  4  exposures 


-DEVE LO PM EN T O F  A  N OVE L  NOISE  DELIVEfW  SYSTEM  FOR  JP-8  OTOTOXICITY  STU  Dl ES  -  TH ES IS 
John  E.  Stubbs,  Captain,  USAF 
AFIT/GIH/ENV/10-M04 
Graduated  March  2010 

AFRL 


•  Noise  system  for  inhalation  chambers 


Shaker  mounted  on 
shelf  between 
chamber  legs 


Audio  rack 
housing  system 
equipment 


DiSfrfeiriOrt  A  A^jTO/*d1Or'0«Jot; <*S«lXJ60cT  Lrtirt 


AFRL 
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V 


Method  -  Study  1 


Group 

Exposure 
Level  (dB) 

Number  of  Animals 

Males 

Females 

Control 

0 

5 

5 

Low 

75 

5 

5 

Intermediate 

85 

5 

5 

High 

95 

5 

5 

Total 

20 

20 

V 


Methods  -  All  4  Studies 


1.  Exposure  to  noise  only 

►  Determined  level  of  noise  to  use  in  combined  noise  and  JP-8 
study 

*  Noise  exposures  in  Bldg  837 

*  Screen  rats  for  normal  hearing  (DPOAE  testing  here) 

»  6  h/day  with  weekends  off  for  28  days  (20  exp  tot) 

*  Transport  rats  to  Loma  Linda  for  auditory  assessment 

*  Study  Summary 


AFRL 


Hearing  loss  tested  by  Distortion  product  otoacoustic  emission  (DPOAE)  test 

*  Test  added  as  screen  for  normal  hearing  prior  to  each  28-day  study 
♦Assesses  hair  cell  function 

*  While  rats  were  lightly  anaesthetized  with  ketamine  (44  mg/kg)  and 
xylazine  (7  mg/kg) 

*  Both  transient  and  permanent  impairments  as  well  as  recovery  rate 

*  intact  cochlea  is  able  to  generate  sound  energy  when  stimulated  with  two 
simultaneous  tones  known  as  "primary  tones"  and  designated  as 
frequencies  "fl"  and  "f2" 

*  Sound  energy  generated  by  cochlea  consists  of  different  frequencies  than 
the  "primary  tones"  so  they  are  "distortion  products" 

*  Possible  to  detect  impairment  of  hair  cells  -  drop  in  DPOAE  amplitude  as  a 
function  of  length  along  basilar  membrane 

♦fl  and  f2  primaries  presented  through  two  separate  realistic  dual  radial 
horn  tweeters  (Radio  Shack,  Tandy  Corp.,  Ft  Worth,  TX) 

*  Tones  delivered  to  outer-ear  canal  through  probe,  where  they  acoustically 
mixed  to  avoid  artifactual  distortion 

*  Ear-canal  sound  pressure  levels  were  measured  by  an  emissions 
microphone  assembly  (Etymotic  Research,  ER-10B|i>,  Elk  Grove  Village,  IL) 


embedded  in  the  probe 


iS4,  <S9Kt>jfiort  irtirtfed . 
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Results  -  Study  1 :  DPOAE 


i  V 


Methods  -  All  4  Studies 


DPOAE  4  Weeks  Post  Exposure 


Hearing  loss  tested  by  Compound  action  potential  (CAP)  test  for  hearing 
threshold 

♦  Performed  4  weeks  following  the  end  of  exposures  by  recording 
compound  action  potentials  (CAPs)  from  the  round  window  for  pure  tones 
between  2  and  40  kHz  in  approximately  !4  octave  steps 

♦Auditory  thresholds  assessed  in  a  double  walled  audiometric  booth  under 
anaesthetized  with  xylazine  (13  mg/kg,  im)  and  ketamine  (87  mg/kg,  im) 
♦Auditory  bulla  opened  via  a  ventrolateral  approach  to  allow  the  placement 
of  a  fine  (od  0.1  mm)  Teflon -coated  silver  wire  electrode  (A-M  Systems, 

Inc.,  Carlsborg.WA)  onto  the  round  window 

♦  Silver  chloride  reference  electrode  was  inserted  into  neck  musculature 

♦  Cochlea  warmed  using  a  low  voltage  high-intensity  lamp 

» CAP  signals  evoked  by  pure  tones  amplified  31000  between  0.1  and  1.0 
kHz  with  a  Grass  A.C.  preamplifier  (Model  PI 5,  W.  Warwick,  Rl) 

» Identified  sound  level  necessary  to  generate  a  visually  detectable  CAP 
response  averaged  over  four  sweeps  on  a  digital  oscilloscope  (approximate 
response  amplitude  of  1  mV  measured  as  the  output  of  the  preamplifier) 


DisfrfcoGort  A  Ai* *ww*d  tor  pitticrtteas*,  d sMbo&c*  ^Hirritad . 
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Results  -  Study  1 :  CAP 


Methods  -  All  4  Studies 


CAP  4  Weeks  Post  Exposure 


Hearing  loss  tested  by  Microscopic  examination  of  the  inner  ear  (cochlea) 

*  Percentage  of  receptor  loss  (outer  hair  cells  -  OHCs  and  inner  hair  cells  - 
IHCs)  in  the  ear 

*  After  CAP  measurements,  cochleae  harvested 

*  Within  2  min,  cochleae  were  fixed  by  perilymphatic  perfusion  with  1  ml  of 
3%  glutaraldehyde,  2%  formaldehyde,  1%  acrolein  and  2.5%  dimethyl 
sulfoxide  in  phosphate  buffered  saline  (PBS)  pH  7.4) 

*  Following  primary  24-h  fixation,  tissue  was  washed  with  0.1M  PBS, 
postfixed  with  2%  0s04  in  water  for  2  h,  washed  again  with  0.1M  PBS 
» Organ  of  Corti  dissected  in  70%  ethanol  and  mounted  In  glycerin  for 
counting  of  hair  cells 

*  Cells  were  counted  as  present  either  when  stereocilia,  cuticular  plate  or 
cell  nucleus  could  be  visualized 

*  No  attempt  to  assess  degree  of  possible  cellular  damage  to  surviving  cells 
* Frequency-place  map  established  by  Muller  (1991)  used  to  superimpose 
frequency  coordinates  on  length  coordinates  of  organ  of  Corti 

» "map’1  reflects  that  cochlea  organized  tonotopically  with  high  frequency 
sound  producing  maximum  stimulation  of  cells  in  base,  and  low  frequency 
sound  In  apex 


AFRL 


Methods  -  All  4  Studies 


m  v 


Results  -  Study  1 :  Cochleogram 
showing  percentage  of  hair  cell  loss 


Hearing  loss  tested  by  Microscopic  examination  of  the  inner  ear  (cont.) 

*  Cochleogram  showing  percentage  of  hair  cell  loss  as  a  function  of 
distance  from  base  of  cochlea  was  plotted  for  each  animal 

*  Results  were  averaged  across  each  group  of  subjects  for  comparison 
between  groups 

*  Software  used  for  counting  cochlear  hair  cells  developed  by  R  Lataye  and 
Dr.  P.  Campo  from  the  "Institut  National  de  Recherche  et  Se'curite'" 

(Nancy,  France) 


Disfrfc-uGori  A  A***>/*d  tor  •JsfribuGort^i.t'.tod. 


afrl  15 


Noise  7SdB  n»11 
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Methods  -  Study  2 
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V 


Results  -  Study  2  :  DPOAE 


r 


Study  2  -  Exposure  to  noise  and  JP-8 

*  Will  show  combined  effects  of  jet  fuel  and  noise  on  hearing  loss. 

*  Noise  +  JP-8  exposures  in  Bldg  837 

*  Study  initiated  28  Apr  10 

*  6  h/day  with  weekends  off  for  28  days  (20  exp  tot) 

*  Transport  rats  1  Jun  1 0  to  Loma  Linda  for  auditory  assessment 

*  16  rats  added  for  this  study  only  to  collect  data  for  target  tissue 
analysis 

*  lung,  blood,  liver,  fat,  and  brain  collected  at  RHPB 

*  samples  transported  to  analytical  lab 

*  Will  compare  JP-8  exposure  data  to  previous  studies 


AFRL 


DPOAE  10  Days  Post  Exposure 


Control  n-10 


Results  -  Study  2  :  DPOAE 


F  V 


Results  -  Study  2:  CAP 


DPOAE  4  Weeks  Post  Exposure  CAP  4  Weeks  Post  Exposure 
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Results  -  Study  2:  Cochleogram 
showing  percentage  of  hair  cell  loss 


c  V 


Results  -  Study  2:  Tissue  Data 


Fat  Tissue  Analysis  -  Compounds  detected 


Methyl  eye  lohexa  ne 

Tol  uene 

2-Methylheptane 

Octane 

Rhyl  benzene 

m  Xylene 

p-Xylene 

o-Xylene 

Nonane 

P  no  pylcycl  ohexane 

1,3,5- 

Tri  methyl  benze  ne 

o-Ethyltoluene 

1 ,2 ,4-T ri  methyl  ben  ze  ne 
Decane 

1 ,2,3-T  ri  methyl  ben  ze  ne 
Butylcyclo  hexane 

Undecane 


Naphthalene 

Dodecane 


Tridecane 


Tetradecane 


Pentadecane 


Blood,  lung,  liver, 
fat  &  brain  tissues 
analyzed 

Fat  tissue  showed 
highest  deposition 
Control  samples 
were  all  nondetect 


QififrfeiriOrt  A  Aoprt>/tdl0''(>i4*icr«toa£4,  tfflMbJSCri  uM* 
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Methods  -  Study  3 


P  V 


Results  -  Study  3:  DPOAE 


Study  3  -  Exposure  to  J  P-8  alone 

•  Provided  data  for  comparing  effects  of  jet  fuel 
ototoxicity  to  noise-induced  hearing  loss  in  the 
combined  study 

•  Study  design  same  as  Study  2  without  noise 

•  5  male  rats  and  5  female  rats  per  group 

•  0  (control),  200,  750  and  1500  mg/m3  JP-8 

•  6  h/day  with  weekends  off  for  28  days  (20 
exposures  total) 

•  JP-8  exposures  in  Bldg  837 

•  Transported  rats  to  Loma  Linda  for  auditory 
assessment 

•  JP-8  alone  did  not  appear  to  affect  hearing 

OiiMso8onAAl»o«d1o'i*±<ic«l«ss«,<JsMbutiyn^i»«»d.  HL.  23 


DPOAE  4  Weeks  Post  Exposure 
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Results  -  Study  3:  CAP 


Results  -  Study  3:  Cochleogram 
showing  percentage  of  hair  cell  loss 


CAP  4  Weeks  Rost  Exposure 

Control  n=9 
■V-  JP8  2<M  mg/m5  n=9 
JPS  75a  mg/m5  n=ltt 
JP&  15aCmg/m5n=9 


Frequency  (kHz) 

DiifrboGcri  A  A#*j»w*d  »  oAMicr^k.aio,  dfltfbuGon  ^i«rifod . 


64 

AFRL 


Control  n*  10 


r 

| 

: 

i 

l 

•  •  • 

t 

i 

1 

I 

X. 

*  ‘  *  mm 

i 

I*. 

IPs  zoomg/m1  n=li) 

|i 

I 

(1 

|FH  iSUOmg/m’UBlO 

/j 

1 

X. 

! 

i 

i  “l  i  mm 

Eft,  CiSfribuGOrt  iriiiriCftd 


A  RL 


Methods  -  Study  4 


Results  -  Study  4:  DPOAE 


Study  4  -  Exposure  to  a  series  of  intermittent  high  levels  of 

noise  during  JP-8  inhalation  exposure 

•  5  male  rats  and  5  female  rats  per  chamber 

•  Design 

•  Chamber  1  -  air  only  (Control  group  for  all  both 
treatments) 

•  Chamber  2  -  JP-8  only  (1 000  mg/m3) 

•  Chamber  3  -  noise  at  102  dBAfor  15  minutes  every 
hour  (1 .5  h  total  noise  exposure) 

•  Chamber  4  -  both  JP-8  (same  as  Chamber  2)  and 
noise  (same  as  Chamber  3) 

CKiMso8onAAl»o«d1o'i*±<ic«l«ss*,<JsMbuton«ili»«»d.  F”tL_  27 


DPOAE  10  Day  Post  Exposure  Females 
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Results  -  Study  4:  DPOAE 


Results  -  Study  4:  DPOAE 


DPOAE  10  Day  Post  Exposure  Males  DPOAE  4  Weeks  Post  Exposure:  Male*  Female 


Results  -  Study  4:  DPOAE 


Results  -  Study  4:  DPOAE 


DPOAE  4  Weeks  Post  Exposure  Females 


DPOAE  4  Weeks  Post  Exposure  Males 
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V  Results  -  Study  4:  CAP  r  v 


Results  -  Study  4:  CAP 


CAP  4  Weeks  Post  Exposure  Females 


CAP  4  Weeks  Post  Exposure  Males 


V 


Future 


Future  studies 

*  Use  design  developed  for  Study  4 

*  Chamber  1  -  air  only 

*  Chamber  2  -  fuel  only  at  1000  mg/m3 

»  Chamber  3  -  noise  only  for  6  H/day  for  28  days 

*  Chamber  4  -  both  jet  fuel  (same  as  Chamber  2)  and  noise  (same  £ 
Chamber  3) 


*  Confirm  results  and  address  strain  difference  by  using  Long  Evans 
rats 

*  Study  50:50  mix  of  F-T  alternative  fuel  and  JP-8 

*  Examine  mechanism  of  action  by  developing  physiologically  based 
kinetic  (PBPK)  and  dynamic  (PBPD)  models 

*  PBPK  for  kinetics  of  JP-8  exposure  to  tissues  and  cochlea 

*  PBPD  for  development  of  hearing  loss  based  on  noise  and  jet  fuel 
exposures 


Disiyb^criA  tfsfribuGo*  ^rtir n 


AFRL 
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QUESTIONS? 
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Results  -  Study  2:  Tissue  Data 


Evaluation  of  Jet  Fuel  Induced 
Hearing  Loss  in  Rats 


Fat  Tissue 

Analysis 

(ng/g) 


Blood,  lung,  liver, 
fat&  bra  in  tissues 
analyzed 

Fat  tissue  showed 
highest  deposition 
Control  samples 
were  all  nondetect 


AFRL 


39 


Object 

•To  show  if  the  re  is  an  association  between  let  fuel  exposure  and 
noise-induced  hearing  loss. 

•  Hypothesis!  J  P-«  jet  fue  I  cont  n  butes  add  itive  ly  or  syne  rgistica  lly  to 
hearirg  loss  when  combined  with  hgh  noise  exposure 
environments,  but  that  wouldstill  be  be  low  the  exposure  limit  for 

•  Provide  a  lab  model  and  a  we  1 1  designed  toxicity  approach 
Descript  ionof  Effort: 

Design  a  noise  gene  ration  system  for  our  inhalation  chambers  and 
osnduct  fou  r  ZS-dary  a  mma  I  st  udies  to  oom  pa  re  jet  fuel  and  nose 
exposuresas  well  as  kineticsoflP-E. 


Benefits  of  proposed  Technology 

•  Hearirg  loss  re  presents  a  critical  occupational  concern; 
determmirg  fuel  exposure  asa  component  required  to  assure 
lowest  disability  formation  in  Airmen 

•  Data  siggeststhat  Air  Force  personnel  exposed  to  both  jet  fuel  and 
noise  suffer  greater  hearirg  loss  than  matched  Air  Force  personnel 
exposed  to  sira  ilar  nose  but  not  to  jet  fuel 

•  No  clear  results  or  definitive  studies  to  show  an  association 
batwee  n  jet  fue  I  exposu  re  arid  noise 

•  Labdata  re  levant  to  deter  mining  need  for  applying  protective 
measures  forjetfuel/noseenviron  me  ntsdurmg  occupat  tonal 
exposure  for  Air  Force  personnel 

•Collaboration  with  Navy  Toxicology  Dry  sion  and  Vetera  ns 
Adminstration  Research  Laboratory  in  Loma  Linda, Ca 


Ma  jo  r  <Sca  Is/M  ilestones: 

•  No  se  ge  ne  ration  syste  m  deve  loped  by  AF  IT  stude  nt  for  Navy 
in  halation  cham  be  is 

•Transitioned  dpOae  hearing  loss  measurement  system  to  Navy  in 
co  lla  bo  ratio  n  wit  h  Dr.  Fechte  r 

•  Cora  p Isted  the  fo llowirg  ZE-day  stud tes  -six  hours  pe r  day,  5  days 

•  noise-only  -  75,  Zs  or  $5  dB 

•  com  b  ined  nose  jS5  dBJ  a  nd  l  P-Z  jet  f  ue  1 13  doses) 

•  jet  fuel  alone  -  ZOO,  750  or  1500  mg/m3  IP-E 
•only  15  minutes  of  lOZdBA  rose  every  hour-MP-E 

•  Poster  presented?  Mar  11  at  Soc  of  Toxicolcgy  meeting 

JP-B  plus  noise  showed  a  dose  response  increase  in  hearing 
loss  greater  than  seen  with  just  noise  alone. 
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Assessing  Operationally  Relevant  Aspects  of  Nanoparticle  Exposure  Health  Risks 
711  HPW/USAFSAM-PHT 
Dr.  Clarise  Starr 


There  is  little  known  in  the  scientific  literature  regarding  the  potential  dangers  and  downstream  sequelae  caused 
by  exposure  to  nanoparticles.  This  lack  of  information  has  led  to  conjecture  about  the  potential  uses  and  dangers 
associated  with  this  new  technology,  including  the  possibility  that  nanoparticles  could  be  used  as  a  weapon  to 
target  the  warfighter.  The  purpose  of  this  effort  is  to  answer  basic,  previously  untested  parameters  regarding 
nanomaterials  to  assess  the  relevance  to  the  potential  exposure  (from  both  modified  and  unmodified 
nanomaterials)  in  the  field.  Three  commercial  grade  nanoparticles— ZnO,  Ti02,  and  Ce02,  were  studied  for 
personal  protective  equipment  (PPE)  efficiency,  initial  uptake  by  cell  lines,  and  downstream  cytotoxic  effects. 
Preliminary  data  suggest  PPE  provided  good  barriers  against  nanoparticle  exposure.  Initial  exposure  to 
nanoparticles  (2  hr)  showed  an  interaction  with  the  cells,  but  uptake  of  the  nanoparticles  varied  depending  on 
cell  line.  The  nanoparticles  that  were  found  to  be  cytotoxic  had  a  longer  exposure  to  the  cell  lines,  indicating 
that  long-term  exposure  may  be  key  to  overall  health  risks. 


Distribution  Statement  A:  Approved  for  public  release;  distribution  is  unlimited.  Case  Number:  88ABW- 
2011-2292,  18  Apr  2011. 
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IU  All*  FO 


Assessing  Operationally  Relevant  Aspects 
of  Nanoparticie  Exposure  Health  Risks 


Evfty  Airtuatt  u  Fort  e  Multiplier 
August -Of  I  .1 FMS  Research  Symposium 


Claris®  Rivera  Starr,  Ph.D. 

USAF5AM/FHT 
Wright -Patterson  AFB,  OH 


Nanotechnology 


■  gray  iinniin  it  Fitnj  MnJf ipiirT  I 


Uses  of  Nanomaterials 

TTrcn'  ■  u  Fi<rn  MntlipUfr 


Everyday  Uses 
v  Eyeglasses 
v  Crack -resistant  paints 
v  Transparent  sunscreens 
■  Stain- repel  lent  fabrics 
v  Self -cleaning  windows 
v  Solar  cells  for  solar 
panels 

v  Automotive 
u  Planes 


“Biological”  Uses 
v  Targeted  drug  delivery 
^Targeted  gene  therapy 
v  Anti-microbial  coatings 
v  Fluorescent  labeling 
v  Imaging  contrast 
v  Tissue  engineering 
v  DNA  probes 
v  Microsurgical  techniques 
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The  Dark  Side  to  Nano 


■  JTiiTl  .lllrjtun  J  fjr.-jj-  ,1  ftjhfflsj  I 


Crossing  the  Blood  Brain  Barrier 


Lung  Exposure 


•hwtiiiw 


A  «#««  fc-  tvw*  l:  .irtMU  Kri  n-.»i  MOW-W  l-WSs  A  .■  i  ii 


r  S: 


Project  Overview 

r.  Htl*J  IJ.rllJl'l  U'  ,r  ,  -,  iY  UuJil/fvr 


ZnO  TiG2  Ce02 


Early  Intake,  uptake  fearlv) 

incubation  with  various  cell  types 
Microscopy  (SEM,  TEMr  etc.) 


Cytotoxicity  tlatcl 


ROS  and  cell  viability  experiments 
Lung  co-cullure  cellular  models 
Ability  to  detect/protect 
PPE  and  particle  counter  evaluations 

■k  -■  ft-M*  1  *  WOnd -V  VSM  V ii'-.Ji-.-  C  >. H0*  Hf-tM.  *r40*4W>  rJ«8L  J*  W»r  B 


Early  Uptake/Intake  Model  ST 

*  Neuroblastomas,  macrophages.  Hep-G2,  and  primary 

fra  oh/ bronchia  I  cells 


Neuroblastomas 

™  Evmy  liiwiw  j  Aau  mm 


■■  Received  from  ATCC;  grown  to  their  specifications 
*  Low  passage  numbers  (<p20),  then  seeded  overnight 
-  Grown  to  BD%  canflucncy  before  challenged  with  NP 
Initial  nanoparticle  (NP)  concentration  ranges  from  10 
mg/mL-0.1  mg/mL  (w/vr  resuspended  in  culture  media) 

10  mg/mL  '‘suffocated"  the  cells;  CPEs  visualized  after  2  h 
0,1  mg/mL  working  concentration;  allowed  to  incubate  at  37 
*C  for  2  hs  before  microscopy  performed 
Microscopy  performed  by  UTSA  Dept,  of  Physics 
SEM  {Scanning  Electron  Microscopy) 

STEM  {Scanning  Transmission  Electron  Microscopy) 
v  EDX  {Energy  Dispersive  X-ray) 

LABE  {Low  Angle  Backscaltered  Electron) 

MTbJhtfi  A  Am-  1  Hri  kp  M+Jkifi  Lai*  fctAPW  Jtn  i  it  Jw  •  ach  *  f 


flUUMt *  toU'irtWd'ltf  irtWUP  d«fefe>*-n  « wiJ-hlnJ  SAM-  N*#ol**r  K< *  MS  31  Jin  JP  *  * 
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Ce02  Attaches  to  Cell  Membrane 
with  Some  Internalization 

Every  Airman  a  Force  Multiplier 


Ce02 — Thin  Sections 

Every  Airman  a  Force  M  ultiplicr 


CeVtiuloi  Stetenwil  A.  A&irtfrad  far <j  utile  rd«as«,  dslri&ulite  is uniiTiled . Case  Hunter.  S8ABW-20 1 1  -3695,28  Jui  201 1 


J  ZnO  Is  Readily  Absorbed  into  the  Cells 
and  Shows  Changes  in  Cell  Morphology 

Every  Airman  a  Force  Multiplier 


CtsVtou1<yi  statoriwil  A.  Approved  tor  pitolfc  rdease.  dslribuliai  is  urti <*1ed .  Case  N^rtber.  8SABW-20 1 1  -3695 . 28  Jui  2011  1  *1 


ZnO — Thin  Sections 

Every  Airman  a  Force  Multiplier 


ZnO  aggregates 
in  cytoplasm  in 
smaller  dusters, 
potentially  in 
early  endosomes 


CtSVtoulOrt  Statortndrtl  A.  Appr<lv6d  tor  pitolfc  rdease.  ds1ribu1i<yt  is  unified .  Case  Number.  8SABW-2Q  1 1  -3695 . 28  Jul  2011  12 
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Ti02  Nanoparticles  Are  Internalized  and 
Show  Changes  in  Cell  Morphology 

Every  Airman  a  Farce  Multiplier 


Ti02 — Thin  Sections 

^^^^B  Every  Airman  a  Farce  Multiplier  ^^^^B 


Cell  Viability— HaCaT  Cells 

Every  Airman  a  Force  Multiplier 


^>.^Cell  Viability — Lung  Co-Culture  Model 


Every  Airman  a  Force  M ult. 


Concentration  (^g/ml) 

AFRL/RHPB 


Dfe Vtou1<*1  Stelerr^ll  A:  A#)r^*d  tor  0ttolfc  rdeS3e;  dSlribUli<to  is  urtirrtled .  Case  Number:  aa\BW-2Q  1 1  -3595 . 23  2011  15 


DiSYtoulOrt  Stalema'il  A:  Agprtvdd  torpttolto  rdeS3e;  dSlribUlidl  is  unified .  Case  Number:  aaABW-201 1-3695. 23  201 1  15 
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Generation  of  Reactive  Oxygen 
Species — Lung  Co-Culture  Model 

Fvtry  Airman  a  Fnrre  Mniripiti-r 


PPE  and  Aerosolized 
_  Detection  _ 

Hrery  Airman  a  Farre  hirtisipher 


a 


Cencer  tnflan  IjUjfhil] 


Generation  of  ROS  in  lung  co-culture  model  after  exposure  to  various 
nanoactive  nan  op  articles  (a)  1  h.  All  3  of  the  IMA  NPs  show  genera  -Jon  of 
significant  amounts  of  ROS.  {b)  2 A  fi.  Only  the  NA  Zinc  NRs  showed  significant 
amounts  of  ROS.  This  indicated  that  the  coils  were  able  to  recover  after  exposure 
to  the  NA  Cerium  and  the  NA  Titanium  Oioxide  but  not  the  N  A  Zinc. 


AF  RUM'S 

QwWtfon  A  Ah>o*1  b'  puiK]  hXm*:  djuMSiton  k  unmlw  £»*  KimUr  WS^KSI  KK  ZtJinftll  1  r 


Two  XRF  Instruments  Agree  Fairly  Well 
(Iowa  data  taken  with  USAF  XRF  device} 

F^Ary- Airman  j  An  rtf  Afullipth-r 


PPE  Studies 

£jW y  iirmart  a  Furr*  flfkitipBar 


Research  was  performed  on  the  collection  efficiency 
of  filters  of  a  new  mask.  The  collection  efficiency  is 
high  (near  100%)  for  all  particle  sizes  and  types 
tested. 


3Ut¥n«-±A  tv  prfjp  in  Mih  dtfrfcViGn  *  t*ikn4hr1  W|jm!nr  S|AWV  ?1I  I'jOTh  3)  JjH  IP'  ’ 
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Conclusions 


ry  Ait-man  a  Faroe  M  uh 


v  3  types  of  NP  were  examined  for  the  uptake/intake  of 
cells,  the  cytotoxicity  effects,  and  the  ability  to 
detect  NP  and  protect  the  warfighter  in  accidental  or 
intentional  exposure. 

v  Ce02  was  not  readily  taken  up  by  neuroblastoma 
cells,  attaching  itself  to  the  cell  membrane  and 
aggregating  in  small  clumps  in  the  cytoplasm  when 
it  did  cross  over. 

v  Ti02  was  readily  taken  up  by  neuroblastoma  cells 
and  aggregated  in  very  large  clumps  in  the  cell, 
affecting  the  integrity  of  the  cell  membrane, 
v  ZnO  was  readily  taken  up  by  the  neuroblastoma 
cells  and  was  extremely  dispersed  into  the  cell. 


Conclusions  (cont.) 

EveryAirmanaFarceMuttipiier 


ZnO  was  extremely  cytotoxic  (dose  dependent)  in 
the  cell  viability  models  tested,  while  0eO2  and  Ti02 
produced  little  or  no  cytotoxicity  to  the  cell, 
v  NP  generated  ROS  after  12  h;  however,  ZnO 
continued  producing  ROS  after  24  h,  while  the  other 
NP-exposed  cells  were  able  to  recover. 

-  XRF  instrumentation  was  able  to  detect  all  3  NP  that 
were  tested  down  with  good  sensitivity, 
v  Studies  of  the  filters  in  a  new  mask  showed  high 
collection  efficiency  against  all  NP  tested. 


Cislrfeuidn  StetemailA.  A#na>red  farfJiiilto  release,  ds1<ibu1i<te  is  unified.  Case  Nuir>ber.sa\BW-2Q11-a695,2S  Jirf  201 1  21 
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Way  Forward 

I  Every  Airman  a  Force  M uitipiior 


Acknowledgments 

Every  Airman  a  Force  Multiplier 


v  Continue  work  on  other  cell  types  to  determine  if 
uptake  is  different  for  these  cell  types, 
v  Evaluate  models  for  long-term  exposure, 
v  Evaluate  Ti02  at  several  time  points  2-24  h  to 
determine  if  clustering  of  NPs  resolves  itself  in 
the  cell  and  if  the  data  will  match  the  cytotoxicity 
data  collected  to  date. 

v  Continue  to  evaluate  particle  counters  and  PPE  to 
ensure  that  they  are  able  to  protect  against  NP 
exposure. 
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Transport  of  Silver  Nanoparticles  in  Saturated  Porous  Media:  Experimental  Results  and  Model 
Simulations 

AFIT/ENV 

Capt  Jason  Flory 


Nanosilver  is  the  largest  and  fastest  growing  category  of  nanomaterial,  with  extensive  USAF  and  DoD 
applications.  A  growing  number  of  studies  show  that  nanosilver  may  pose  significant  adverse  human  and 
environmental  effects.  Given  the  ubiquity  of  nanosilver  and  its  potential  toxicity,  it  is  incumbent  upon  us  to 
understand  its  environmental  fate  and  transport.  Due  to  the  importance  of  groundwater  as  a  pathway  from 
contamination  sources  to  human  and  environmental  receptors,  this  study  examined  how  nanosilver  is 
transported  in  saturated  porous  media.  In  the  study,  silver  nanoparticles  (AgNPs)  were  synthesized  in  the 
laboratory  using  a  sodium  borohydride  reduction  method.  The  transport  of  these  nanoparticles  in  a  saturated 
porous  media  packed  column  was  investigated.  Both  a  conservative  tracer  and  AgNPs  were  injected  into  water 
flowing  through  the  laboratory  column  (diameter:  2.5  cm,  length:  15  cm)  packed  with  water- saturated  quartz 
sand  to  obtain  concentration-versus-time  breakthrough  curves.  The  AgNPs  were  found  to  break  through  before 
the  conservative  tracer,  perhaps  due  to  the  facilitated  transport  of  AgNPs  (i.e.,  AgNPs  moved  through  larger 
pores,  and  therefore  moved  faster  than  the  tracer).  It  was  also  observed  that  the  total  mass  of  AgNPs  leaving  the 
column  was  smaller  than  the  total  input  mass,  indicating  the  capture  of  a  fraction  of  the  colloidal  AgNPs  by  the 
porous  media.  Filtration  theory  was  used  to  simulate  the  transport  behavior  of  the  AgNPs  in  the  quartz  sand 
packed  column. 
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Evaluation  of  Gold  Nanomaterial  Toxicity  Based  on  Physical  and  Chemical  Properties 
711  HP  W/RHPB  A 
Dr.  Saber  Hussain 


Gold  nanomaterials  (Au  NMs)  have  distinctive  electronic  and  optical  properties,  making  them  ideal  candidates 
for  biological,  medical  and  defense  applications.  Therefore,  it  is  important  to  evaluate  the  potential  biological 
impact  of  Au  NMs  before  employing  them  in  any  application.  In  the  present  study,  we  investigated  whether  the 
size,  charge  and  shape  of  the  Au  NMs  plays  a  role  in  mediating  a  biological  response  in  an  in  vitro  model  of 
human  skin  cells.  The  results  demonstrated  that  smaller  0.8nm  and  1.5nm  Au  NP’s  were  toxic  in  a 
concentration  dependent  manner,  regardless  of  charge.  However,  gene  expression  studies  showed  that  the 
1.5nm  Au  NPs  induced  DNA  damage  and  down-regulated  the  DNA  repair  mechanism  with  these  genes  varying 
based  on  charge.  Further,  the  results  have  illustrated  that  the  gold  nanorods  (17nm  AuNR-PEG  (AR=2.1))  were 
cytotoxic  to  the  skin  cells,  while  the  gold  nanospheres  (20nm  AuNS-MPS)  were  not  toxic  even  at  the  highest 
dose  of  100  jag/ml.  Additionally,  exposure  to  the  17nm  AuNR-PEG  (AR=2.1)  caused  the  formation  of 
significant  amounts  of  ROS,  and  the  up-regulation  of  several  genes  involved  in  cellular  stress  and  toxicity.  In 
summary,  these  results  indicated  that  size,  surface  charge,  and  shape  play  a  key  role  in  mediating  the  cellular 
response  to  Au  NMs. 
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•Sue  dependent  change*  in  gene  expression 
•Different  pathways  were  activated  based  on  aggregation  density 
•Au  3d  nm  activated  inflammatory  genes.  Au  60  nm  did  not 


)  Neutral 


1  Char*  Overall  Message:  IDEAL  Au  NM  is  more  than  just 
small,  other  parameters  must  betaken  into 
account.  Shape,  aspect  ratio,  and  surface 
functionalization  impact  biological  responses. 
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V  Challenges  and  Research  Gaps 

_ 


and  Research  Gaps:  Indirect 
Effect 


1.  Exposure:  what  is  the  cell  actually  encountering? 


10 


Observed  DMA  Damage  when  NPs  did  not  enter  cells 
Uptake  not  necessary  to  induce  cellular  effects. 
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Challenges  and  Research  Gaps 


ICP-M5  to  quantify 
NPivs.  Ions 


Challenges  and  Research  Gaps  I 


2.  Ions  vs.  NPs  during  exposure 


|  Are  observed  bioeffects  due  to  the  NPs  or  ions?  ]$ 


3.  Dosimetry:  what  is  the  best  metric  for  dosing? 
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V  Challenges  and  Research  Gaps  @  v  Challenges  and  Research  Gaps 


4.  In  vitro  vs.  In  vivo ? 

•Cell  monolayer  does  not  represent  true  complexity  of  a  tissue/organ 


Animal  models 

Accurate 

-  Similar  to  human 

-  Time  consuming 

-  Costly 

-  Ethical  issue 


■  In  vitro  models 


Approximate  estimation  & 
predictive 

Rapid  (reduce  time) 

Less  expensive 


At  the  earliest  wages  of  toxicity  screening,  when  least  is  known  a  hour  the  new 
molecule,  simple  «o  v/fro  models  wth  end  points  revealing  a  general  sense  Of 
toxicity  are  appropriate  to  aid  in  making  decisions 


Co-cultures:  A  better  approach  to  in  vitro  work 


A549-Lung  Epithelial  Cells 
U937-Lung  Macrophages 


Treated  with  25  pg/mi  of 
Aluminum  Nanopartlclcs 


When  the  cells  were  co-cultured  the  presence  of  the 
immune  cells  protected  the  epithelial  cells 
More  realistic  of  in  vivo  scenario! 


Braydich-Stolle  et  al„  ACS  Nano.  2010,  4  (7),  pp  3661-3670 
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Overall  Message? 


•  Size  matters,  but  not  always: 

-  Primary  vs.  Agglomerated  “Critical  point" 

-  Monodispersed  vs.  Polydispsrsed 
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Nanotoxicology  Requires  Characterization  since  Bioeffects 
are  Directly  Linked  to  Physical  Parameters! 


Editorial  Highlight  in  Toxicological  Sciences 
IMPACT 


TOXICOLOGICAL  HIGHLIGHT 

How  Meaningful  uro  the  Rosette  of  Nunotoxicity  Studies  in  the _ 
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Nanomaterial  Hazard  Identification:  The  Zebrafish  Model  for  Rapid  Material  Testing 
349th  Medical  Squadron  (349  MDS) 

Maj  Joseph  Fisher 


Force  Health  Protection  is  facing  a  new  challenge  both  in-garrison  and  in  deployed  operations  as  the 
nanotechnology  revolution  begins.  The  National  Science  Foundation  predicts  the  period  from  2011-2020  will 
result  in  fundamentally  new  products  based  on  nanomaterials.  These  chemical  biophysical  nanometer  scale  (i.e., 
1  x  10-9  meters)  materials  may  bring  new  or  increased  hazard  to  humans  and  the  environment,  and  the 
uncertainty  surrounding  their  risk  to  biological  and  environmental  health  needs  to  be  investigated.  Health  risk 
can  be  defined  as  a  function  of  hazard  and  exposure,  and  an  understanding  of  the  hazard  and  exposure  of  these 
materials  is  important  in  order  to  minimize  health  risk.  Products  utilizing  nanoscale  materials  will  become 
ubiquitous  throughout  commerce  in  the  coming  years  and  regulatory  oversight  and  reporting  in  the  EU  and  the 
US  is  moving  forward.  The  development  of  the  zebrafish  (Danio  rerio)  model  for  rapid  material  testing  bridges 
a  gap  in  toxicology  testing  between  in  vitro  cell  culture  models  and  in  vivo  mammalian  models.  The  anatomy, 
physiology,  and  genomics  of  the  zebrafish  are  highly  homologous  to  humans,  and  these  similarities  are  just 
beginning  to  be  exploited  by  research  communities.  Being  a  whole  animal  vertebrate  organism,  zebrafish  allow 
for  great  flexibility  in  conducting  experimental  assays  to  identify  nanomaterial  exposure  effects  in  morphology, 
physiology,  behavior,  and  distribution.  This  research  presents  an  overview  of  the  issues  surrounding 
nanomaterial  health  risk  and  provides  testing  results  in  order  to  demonstrate  the  utility  of  the  zebrafish  model  in 
answering  nanomaterial  bio-compatibility  research  questions. 
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Introduction 

Nano  mate  rial  Hazard  Identification 
Zebrafish 


■  Testing  Platforms 

■  In  silico  (virtual  screening,  models) 


■  In  vitro  (primary/finite  and  continuous  cell  cultures) 


■  In  vivo  (whole  animals  study): 

■  Mouse  /  rat 

■  Fish  /  amphibian 

■Fly /worm  -  invertebrate 


■  Clinical  trials 


■  Epidemiology 
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Nanomaterials 
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Nanomaterials 

Naitornateriai  Hazard  k»et%trfieatk>it 
Zebrafish 


■  Nanomaterial  types,  synthesis,  and  functionalization 


Gold  Nanoparticles  and  Surface  Functionalization 

Precisely  engineered  -  well  characterized  materials 


Nanomaterial  detection  and  measurement 
Nanomaterial  exposure  medium 


Performance 

and 

Safety 
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Zebrafish  (Danio  rerio) 

Naiw>rnateriai  Hacard  ide utif kattort 


■  History  (1822  to  present) 

■  Development  (embryo,  fry,  juvenile,  adult) 

■  Anatomy  and  Physiology 

■  Genomics  (Zv9  assembly) 
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Hazard  Identification 

Manomakrial  Hazard  Identification 
Zebra  fish 


Hazard  Identification 

Nano  mate  rial  Hazard  Identification 
Zebra  fish 


■  Strengths 

■  Higher  throughput  and  more  information  at  a  lower  cost 

■  Fast  translucent  ex  utero  embryo  development 

"  Homologous  to  vertebrates  and  humans  and  a  sequenced  genome 

■  Weaknesses 

■  Methods,  assays,  and  tests  in  development 

■  Not  a  mammal,  little  in  vivo  nanomaterial  data  to  compare  to 

■  Opportunities 

■  Guide  development  of  nanoscience 

■  Develop  rapid  relevant  platforms  to  collect  "response'* 1  data 

■  Identify  physiochemical  properties  that  drive  biological  response 

"  Investigate  development,  disease,  regeneration,  and  human  science 
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■  Accessing  Physiochemical  Biological  Response 

In  Vivo  -  Testing  whole  organism 

■  Tier  1 :  Toxicity  Screening 

■  Morphology,  physiology,  behavior  assays 

■  Tier  2:  Cellular  Targets  and  Distribution 

■  Cell  death  assay 

■  Distribution  assay 

■  Tier  3:  Molecular  Expression 

■  Gene  expression  assay 
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Hazard  Identification 

Nanomafcral  Hazard  tdentrficaticn 
Zebra  fish 


Screen  for  responses  (effect)  during  1-5  days  posttertilizaton  (dpf) 


■  Tier  1  Effect  Assessment  -  between  24  and  120  hpf 

I  n  Vivo  -  T est  ng  whole  organism 

■  Morphology 

snout,  jaw,  brain,  eye,  otic,  edema,  notochord, 
somite,  fin  (pectoral,  caudal),  axis,  trunk 

■  Physiology 

heart  rate,  circulation 

■  Behavior 

spontaneous  movement  -  onset  /  frequency 
touch  response  -  head  /  tail 
swimming  response  -  light  /  dark  /  tap 
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Automation 


Testing  Results 


■  Embryo  production 

■  Embryo  dechorl nation 
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■  Exposure  plating  {media,  embryo) 


■  Assay 


■ 

* 
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Testing  Results 
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Testing  Results 

Nar*>  mate  rial  Hara  rd  Me  ritrf  katior* 
Zebra  fish 


Distribution 

(uptake')  Nauomattrial  uptake  at  24  and  48  hpf  -  3  ligand  types  and  2  sizes 
Statically  exposed  to  gold  (Au)  naomat trials  from  6  hpf 


Brii  avion 


Zebrafish  movement  at  120  hpf -3  ligand  types  at  1.5  run 
Statically  exposed  to  gold  (Au)  naomaterials  from  6  hpf 
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Conclusions 

Nanomakrial  Hazard  Meratrficaiion 
Zebrafish 


Acknowledgment 

Nanornakrial  Hazard  Identification 
Zebrafish 


Zebrafish  {Danio  rerio ) 

■  Robust  in  vivo  model  organism  platform  to  evaluate 
nanomaterial  biological  interactions 


Joseph  A  Fisher,  Maj,  USAFR,  BSC 
349th  Medical  Squadron,  Travis  AFB,  CA 
Joseph.Fisher@us.af.mil 


■  Vertebrate  animal  homologous  to  humans, 
sequenced  genome,  sensitive  at  multiple  levels 

■  Compatible  with  high  throughput  screening, 
automation,  pathway,  and  mechanistic  studies 

■  The  NANO  revolution  has  begun  -  get  ready 


Robert  LTanguay,  PhD 

Department  of  Environmental  and  Molecular  Toxicology 
Robert.Tanguay@oregonstate.edu 


Sinnhuber  Aquatic  Research  Laboratory 
Oregon  State  University,  Corvallis,  OR 
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USAF  Efficient  Running:  An  Integrated  Program  To  Reduce  Running  Injury  and  Improve  Individual 
Performance  in  USAF  Fitness  Assessment 

AFMSA/SG6 

Lt  Col  Antonio  Eppolito  (presented  by  Lt  Col  (ret)  Dan  Kulund) 


Running  is  an  essential  duty  in  the  USAF  “Fit  to  Fight”  culture.  Its  importance  is  more  critical  now  as  the 
USAF  Fitness  Assessment  (FA)  will  have  more  emphasis  on  the  aerobic  component,  now  60%  of  the  score,  and 
more  frequent  testing.  Because  of  this  mandate  (ref.  AFI  36-2905),  running  has  risen  to  the  #2  cause  of 
recreational  injuries  in  the  USAF  (ref.  Descriptive  Epidemiology  USAF  Lost  Workday  Injuries  2008  report). 
The  annual  FA  failure  rate  has  doubled  from  10%  to  20%  with  the  new  PFT  standards.  (As  high  as  28%  at  some 
bases)  And  yet,  the  USAF  lacks  an  evidence  and  experience  based  program  specifically  for  running  which  is 
clear,  simple,  and  understandable  and  can  be  incorporated  into  standardized  training  for  all  troops.  There  are 
huge  direct  costs  to  the  military  for  running  injuries  and  poor  FA  performances:  (1)  Medical  and  Physical 
Therapy  treatment  of  injuries  (clinic  visits,  MRI’s,  x-rays,  therapy,  etc)  with  a  resultant  backlog  of  sports 
medicine  orthopedic  referrals  of  up  to  6  months  at  many  MTFs  (2)  Cost  of  compensation  to  AD,  ANG  and 
USAFR  members  who  are  “injured”  while  running  during  duty  time  and  cannot  perform  their  job  (3)  Costs  of 
command  directed  programs  for  retraining  annual  FA  failures  and  wasted  administrative  time  for  retesting, 
profiles,  and  waivers  (4)  Missed  work  time  due  to  injuries  and  appointments  (5)  Needless  generation  of 
preventable  MEBs.  There  are  also  indirect  costs  which  may  be  even  greater:  (1)  Early  separation  due  to  low  FA 
performance  scores  and  failures  (2)  Decreased  productivity  due  to  lack  of  fitness  and  overall  good  health 
(concept  of  presenteeism)  (3)  Deteriorating  morale  (4)  Permanent  disability.  Injury- free  daily  aerobic  activity 
supports  optimal  physical  wellness,  mental  clarity,  weight  management,  and  reduces  health  care  utilization. 
Evidence-based  training  tools  are  applied  to  almost  all  skills  of  such  importance  and  most  athletic  activities 
except  for  running.  Furthermore,  where  they  are  applied  most  methods  are  traditional,  inefficient,  and  not 
standardized.  The  2008  USAF  Lost  Workdays  Report  highlights  the  emergence  of  running  injuries  and 
recommends  immediate  implementation  of  preventive  strategies  to  address  all  aspects  of  running  including; 
injury  prevention  countermeasures,  volume  of  training,  focused  lower  extremity  strengthening  and  flexibility, 
proper  gait  technique  and  proper  footwear.  “Efficient  Running”  is  in  direct  alignment  with  all  the  corrective 
strategies  outlined  in  the  critical  report  and  provides  the  countermeasures.  Efficient  Running  then  is  our 
proposed  solution.  It  is  based  on  the  biomechanical  principles  of  the  most  revolutionary  concept  in  the  arena  of 
sports  medicine  in  40  years.  It  addresses  injury  prevention  and  performance  improvement  and  is  grounded  in 
scientific  principle  and  extensive  real  world  experience  of  over  15  years.  Efficient  Running  is  a  set  of  training 
tools  to  prevent  injury  and  improve  efficiency/performance.  Our  approach  involves  teaching  and  tailoring 
aerobic  principles,  putting  the  body  in  proper  alignment,  improving  running  gait  biomechanics,  and 
supplementing  with  essential  core  strength,  balance  and  dynamic  stability  exercises. 
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Running  Injuries 


RUNNING  INJURIES  SECOND  ONLY  TO  BASKETBALL 


integrity  -  Service-  -  Excellence 


Natural  Running 


Integrity  -  Service  -  Excellence 
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FORM  TRAINING  PROGRAMS  ABOUND 


Integrity  -  Service  -  Excellence 


USE  GRAVITY  AND  EMPHASIZE  THE  BACKS  WING 


Integrity  •  Service  -  Excellence 


BAREFOOT  RUNNING  PROMOTES  GOOD  FORM 


Integrity  -  Service  -  Excellence 


Barefoot  Running 
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Running  Shoes 


Integrity  •  Service  -  Excellence 


59 


Proceedings  of  the  2011  AFMS  Medical  Research  Symposium 

Volume  3  Force  Health  Protection 


Lf,  E,  ft-l-M  FOnCe 


The  Future 


FLATTER  FOOTWEAR  FAVORED  FOR  THE  FUTURE 


Integrity  -  Service  -  Excellence 


Preparatory  Phase 


i  Chi  Running  survey 
i  Run  Softly  trial 
i  New  Trends  in  Running  injury  Prevention 
■  Natural  Running  website 
i  Efficient  Running  Working  Group 
i  Eight  form  workshops 
i  Medical  Corps  Examiner  articles 
i  B u  ild  in  g  tra  in  in  g  m  o  du  le  s 


BUILD  SCIENTIFIC  PLATFORM  FOR  EFFICIENT  RUNNING 


Integrity  -  Service  -  Excellence 
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U.3-*iRFPHCE 


Dyn a  m  ic  An  a  lys  h 


U. 5, MW  FORCE 


Home  Treatment  Program 


The  Injured  Runner 


u.ifc  mm  FQHti 


The  Injured  Runner 


An  tcro  medial  p  lie  Li 


Soleus  band 


Calcanea  l  c  lift 


UN  FORT!  IN  ATE  AN  ATOMY 


j  H  1  ■  g  r  i  I  y  -  ^irvic  i  •  EiciIIiiiki 


UNFOFTtfNATE  ANATOMY 


I  n  L  v  g  r  i  l  y  ■  Sarvici  -  Esc  ilia  lien 


61 


Proceedings  of  the  2011  AFMS  Medical  Research  Symposium 

Volume  3  Force  Health  Protection 


CI.S.AIR  FORCE 


Deep  Water  Running 


ISOKINETIC  ENDURANCE  TRAINING 


Integrity  -  Service  -  Excellence 


U.S.  AIR  FORCE 


Preparing  For  Running 


Ankles 


SIMPLE  PREPARATION 


Integrity  -  Service  -  Excellence 


U.S.  AIR  FORCE 


Basic  Aerobic  Training  Tool 


BATT  CUES  GOOD  RUNNING  FORM 


BATT 


Integrity  -  Service  -  Excellence 


Return -to -Run n  in  g 


Step 

Walk 

Run 

Reps 

Time 

1 

5  minutes 

1  minute 

5 

30  minutes 

2 

4 

2 

5 

30 

3 

3 

3 

5 

30 

4 

2 

4 

5 

30 

5 

1 

5 

5 

30 

STEPWISE  RETURN-TO-RUNNING 
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Interval  Training 


Operational  Phase 


Week 

Speed  Recovery 

Monday 

Wednesday 

Friday 

l 

Fort 
second v 

Slow  30 
seconds 

&  repeats 

\  5-20  np  6i  nte 

easy  FUJI 

$ 

2 

Fast  30 
Hecondi? 

Slow  30 
seconds 

6 

g  same 

10 

3 

Fast  45 
seconds' 

Slow  -15 
seconds 

6 

game 

s 

4 

Fast  45 

seconds 

Slow  d5 
seconds 

6 

si  ajTie 

10 

5 

Fast  60 
s  econd  s 

SlOW  60 
seconds 

6 

same 

& 

6 

Fas  L  60 
seconds 

Slow  60 
seconds 

6 

same 

10 

Ctan  >jTiiai; 


STRATEGY  TQ  REDUCE  RUNNING  TME 


Integrity  -  Service  -  Excellence 


■  Deploy  strategics  from  Phase  ] 

■  Air  Force  Tele  health  generates  modules 

■  Rrielmgs  and  workshops  at  annual  provider  meetings 


OPERATIONALISE  EFFICIEN  T  RUNNING 


Integrity  -  Service  -  Excellence 


AF  READY  TO  SPRINT  AHEAD 


Integrity  -  Service  -  Excellence 


MJLTTARYPHYS ICAL  TR  AINJNG  SINGULARITY 


Integrity  *  Service  -  Excellence 
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U.S.  AIR  FORCE 


Summary 


Integrity  Service  -  Excellence 


25 


64 


Proceedings  of  the  2011  AFMS  Medical  Research  Symposium 

Volume  3  Force  Health  Protection 


Comparison  of  the  1.5  Mile  Run  Times  at  7,200  Feet  and  Simulated  850  Feet  in  a  Hyperoxic  Room 
HQ  USAFA/ADPH 
Lt  Col  Michael  Zupan 


The  1.5-mile  run  test  was  developed  by  Dr.  Ken  Cooper  as  an  easy,  inexpensive,  and  relatively  accurate  way  to 
estimate  V02  max,  or  aerobic  fitness  levels,  in  large  groups  of  AF  personnel.  In  2004  the  AF  fitness  program 
began  using  the  1.5-mile  run  to  estimate  an  airman’s  aerobic  capacity.  An  altitude  adjustment  was  implemented 
in  2005  for  airmen  stationed  above  5,000  ft.  In  2010,  a  new  AF  fitness  test  program  was  implemented; 
however,  the  1.5 -mile  altitude  adjustment  for  moderate  altitude  AF  bases  was  removed.  This  study  was 
conducted  to  investigate  if  a  significant  difference  in  aerobic  performance  exists  between  moderate  altitude  and 
sea  level  and,  if  it  does  exist,  to  what  extent.  The  study  was  reviewed  and  approved  by  the  USAFA  IRB  with 
all  subjects  signing  an  ICD.  Fifty- five,  38  male  and  17  female,  subjects  participated  in  the  study.  Subjects 
completed  a  V02max  test  followed  by  two  1.5-mile  runs,  one  at  7,200  ft,  and  one  at  simulated  850ft  (-26% 
02).  During  the  runs,  subjects  only  were  aware  of  their  test  distance  and  could  adjust  the  treadmill  speed  based 
on  how  they  were  feeling.  Treadmill  speed,  elapsed  test  time,  heart  rate,  and  testing  environment  were 
unknown  during  all  runs.  Results  were  analyzed  using  an  ANOVA.  The  average  max  V02  was  48.6  mL.kg.- 
lmin-1.  A  30.6  seconds,  or  4.2%,  significant  difference  (p<.001)  was  observed  between  the  two  runs.  These 
differences  were  mainly  due  to  a  decreased  hemoglobin  oxygen  saturation  (p<.001).  Our  recommendation  is 
that  an  altitude  adjustment  for  the  AFT  be  reinstated. 
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HQ  U.S.  Air  Force  Academy 


Study  Objective 


Integrity  -  Service  -  Excellence 


Comparison  of  the  1.5  Mile 
Run  Times  at  7,200  Feet  and 
Simulated  850  Feet  in  a 
Hyperoxic  Room 


Lt  Col  Michael  Zupan,  Ph.D. 
Director,  USAFA  Human  Performance  Lab 


Drstrib  ution  A  App  rowed  fa  r  p  ub  lie  release 


This  study  investigated  if  there  are  differences 
in  aerobic  performance  between  altitude  and 
simulated  sea  level  environments  and  if 
differences  are  evident  between  conditions,  to 
what  extent? 


Background  Information 


•  1968  -  Dr  Ken  Cooper  develops  the  12  minute 
run  fitness  test  as  an  easy,  inexpensive  and 
relatively  accurate  way  to  estimate  V02  max,  or 
aerobic  fitness,  in  large  groups  of  Air  Force 
personnel.  (R  =  .897) 

o  Based  on  results  of  115  airmen 
o  Better  indicator  of  cardiovascular  fitness 
than  the  600  yard  run. 

•  Later  Dr.  Cooper  developed  the  1 .5  mile  test 

•  1 992  -  Cycle  ergometry  test  was  implemented  to 
“predict"  V02  max. 


Distribution  A.  Approved 
for  public  release 
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R 


Background  Information  (cont) 


♦  2004-  New  Air  Force  fitness  program 
was  implemented  that  once  again  used 
the  1 .5  mile  test. 

♦  2005  -  An  altitude  adjustment  was 
implemented  for  airmen  stationed 
above  5,000  ft.  (1.75  pts) 

♦  2010  -  New  Air  Force  fitness  test 
program  was  implemented,  which  still 
used  the  1 .5  mile  run  to  test  aerobic 
fitness,  but  the  altitude  adjustment  for 
the  Air  Force  Bases  located  at 
moderate  altitude  is  removed. 


Distribution  A  Approved 
for  public  le lease 
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**  Background  Information  (cont) 


Background  Information  (cont) 


“The  high  altitude  calculation  was  removed  as  all 
individuals  are  already  given  a  temporary 
exemption  of  six  weeks  to  adapt  to  the  altitude 
differences  between  locations” 
and 

“With  six  weeks  to  acclimatize  and  continue 
training  at  altitude,  members'  1.5  mile  run 
performance  should  not  be  appreciably 
degraded" 
and 

“Exercise  research  indicates  that  a  score 
adjustment  for  people  taking  the  revised  Air 
Force  Physical  Fitness  Test  at  higher  altitudes  is 
not  needed.  The  V02  max  or  aerobic  fitness,  the 
factor  we  are  measuring  with  the  1.5  mile  run,  is 
not  measurably  altered  in  a  non-acclimated 
member  testing  from  sea  level  up  to  7,000  feet.” 

(Air  Force  Fitness  Program  Web  Site  FAQ) 


■  As  altitude  is  increased,  barometric  pressure 
decreases 

o  Results  in  less  oxygen  per  given  volume  of  air 
than  at  sea  level 
o  Known  as  hypobaric  hypoxia 

■  Current  research  shows  that  total  acclimatization 
can  take  up  to  4-6+  months  (Brothers,  2008, 
Brothers,  2007) 


Oxygen 
content  at  Sea 
Level  (20.9%) 


Atmospheric 

Pressure 


mm 


Aerobic  endurance  still  is  impaired  even  with  total 
acclimatization  (Brothers,  2008,  Brothers,  2007) 


Training  intensities  are  reduced  at  altitude  which 
results  in  deconditioning  of  the  body  (TB  505, 
2010) 

To  date,  it  is  unknown  the  exact  amount  of 
decrement  associated  with  various  levels  of  the 
hypobaric  hypoxic  environments. 


Oxygen  content 
at  Altitude 
(20.9%) 


Atmospheric 

Pressure 


i  1  i 


Distributbn  A.  Approved 
for  public  release 


In  teg  rity  -  Service 


Excellence 


Integrity  -  Service-  Excellence 


Protocol 


■  Time  requirement  for  each  subject  was  ~2  hours 

•  30  min-  ICD  and  V02max  introduction 

■  30  min-  V02max  and  DXA  scan 

■  30  min- 1.5  mile  run  in  first  condition 

■  30  min- 1.5  mile  run  in  opposite  condition 

■All  1,5  mile  runs  were  performed  in  the  Colorado  Altitude 
Tent  (CAT)  in  normal  moderate  altitude  environment 
(~7,200  ft)  or  normobaric  hyperoxic  environment 
(oxygen  content  increased  while  barometric  pressure 
stayed  the  same)  to  simulate  -850  ft, 

■Order  of  running  conditions  were  randomized. 

•Only  24  to  72  hours  between  1.5  mile  runs 

■  Distance  was  the  only  factor  known  by  the  subjects  during 
the  1.5  mile  runs 


DstributbnA.  Approved 
for  public  release 


Integrity  -  Service 


Excellence 


Creating  a  Hyperoxic 
Environment 
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^  Dual  Energy  X-Ray  Absorptiometry  (DXA) 
Scanner  for  Body  Composition 


V02  Max  test 


•  “Gold  Standard” 
for  body 
composition 

•  Assessments 
provide  : 

o  %  fat  mass 
o  %  lean  body  mass 
o  Bone  density 


bstlbutcn  A.  Amoved 

for  public  release  Integrity  -  Service  -  Excellence 


■  All  V02  max  tests  were  performed  at  altitude 

■  Subjects  were  asked  to  continue  running  until  they  reached 
volitional  fatigue 

■  Protocol 


Test  Tone  {min) 

Stage  Time  (min) 

Speed  {mph) 

Grade  (%) 

Position 

0-1 

1:00 

0 

0 

Standing 

2-3 

2:00 

2.0 

0 

Walking 

4-5 

2:00 

7.0  m,  fi.0  f 

0 

Running 

6 

1:00 

7.0  m,  6.0  f 

2 

Running 

7 

1:00 

7.0  m,  6.0  f 

4 

Running 

8 

1:00 

7.0  m,  6.0  f 

6 

Running 

9 

1:00 

7.0  m,  6.0  f 

S 

Running 

10 

1:00 

7.0  m,  6.0  f 

10 

Running 

11 

1:00 

7.0  m,  6.0  f 

11 

Running 

12 

1:00 

7.0  m,  6.0  f 

12 

Running 

13 

1:00 

7.0  m,  6.0  f 

13 

Running 

14 

1:00 

7.0  m,  6.0  f 

14 

Running 

End  of  Test 

Until  HR  <120 

2.0 

0 

Active  Recovery 

juL.i  ,1 
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V 

Max  V02  **  Study  Participants 

- 


» Fifty-five,  non  smoking,  male  and  female  subjects  signed 
informed  consent  documents  (I  CD)  and  completed  DXA 
and  V02ma*  tests 

•All  subjects  had  to  be  living  continuously  in  Colorado 
Springs  for  at  least  6  weeks. 

•Three  subjects  did  not  complete  the  1.5  miles  run  tests 
due  to  AF  commitments  and  non-study  related  injuries 

•Subjects  demographics: 


DXA  Age  Weight  Height 

n  (%BF)  (yrs)  (lbs)  (in) 


Males 

38 

16.4  ±7.6 

32.3  ±6.5 

173  ±24 

71 .7  ±3.1 

Females 

17 

24.9  ±4.7 

33.6  ±6.9 

132  ±18 

64.7  ±  2.2 

Total 

55 

19.0  ±7.9 

32.7  ±6.6 

160  ±29 

69.5  ±4.4 

Distibulon  A.  Approved 
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Subjects  Demographics  (cont): 
*  V02  Max 
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Comparison  of  run  times  at 
ALT  and  SL 


V02  Max  vs.  Predicted  V02 
at  850  and  7,200  Feet 


Dstlbufon  A.  Appmvea 
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Conclusions *  *»  Acknowledgments 


*  A30.6  seconds,  or  4.2%  decrease  in  1.5  mile 
running  times  was  measured  when  running  at  -850 
ft  compared  to  7,200  ft 

*  These  differences  were  mainly  due  to  a  decreased 
hemoglobin  oxygen  saturation  associated  with 
running  at  altitude  with  lower  02 partial  pressures. 

•  HR  and  RPE  were  not  significantly  different 
between  runs 

•  Our  recommendation  is  that  an  altitude  adjustment 
for  the  Air  Force  fitness  test  be  reinstated  for  airmen 
testing  at  moderate  altitude  bases. 


DstlSavlon  A.  Approved 
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Can  a  10-minute  Warm-up  Reduce  Musculoskeletal  Injury  in  Air  Force  Academy  Cadets? 

Uniformed  Services  University,  Injury  Prevention  Research  Lab 
Dr.  Sarah  De  La  Motte 


Musculoskeletal  injury  (MSK-I)  is  the  leading  cause  of  lost  duty  time  and  morbidity  in  the  military.  The  short 
and  long-term  consequences  from  MSK-I  can  be  career-threatening,  if  not  career-ending,  and  decrease  force 
readiness.  New  data  show  major  risk  factors  for  MSK-I  in  athletic  populations  can  be  easily  identified  and  are 
readily  modifiable  through  prevention  programs  targeting  poor  movement  patterns.  However,  maximal  MSK-I 
prevention  program  design  &  effectiveness  in  military  environments  have  not  been  determined.  We  are 
working  with  the  US  Air  Force  Academy  (USAFA)  Department  of  Physical  Education  (DPE)  to  study  the 
effects  of  a  10-minute  neuromuscular  warm-up  program  performed  in  required  physical  training  sessions. 
Sections  of  a  required  freshman  P.E.  class  will  be  randomized  to  perform  a  neuromuscular  warm-up  developed 
to  address  previously  identified  MSK-I  risk  factors,  or  a  traditional  warm-up  program.  Neuromuscular  warm¬ 
up  sessions  will  be  professionally  supervised,  with  cadets  receiving  real-time  feedback  on  program 
performance,  including  technique  &  correction  cues.  Rates  of  lower  extremity  injury  and  biomechanical 
changes  in  movement  pattern  will  be  compared  between  groups.  Post-training  jump-landing  assessment  data 
will  be  compared  with  pre-training  data  to  determine  the  neuromuscular  warm-up  program’s  effect  on  “high- 
risk”  movement  patterns  and  coupled  with  MSK-I  incidence  to  determine  program  effectiveness.  Pre  and  post- 
data  will  also  be  compared  with  subsequent  testing  sessions  in  a  subsample  of  cadets  to  determine  washout  of 
training  effect  and  optimum  periodicity  of  warm-up  training.  This  research  will  provide  feasibility  and  injury 
incidence  data  for  a  larger  definitive  trial  of  MSK-I  focused  prevention  programs  in  the  Air  Force. 
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Objectives 


Can  a  10-minute  Warm-up  Reduce 
MSK-Injury  in  USAFA  Cadets? 


■  Why  MSK-injuries  are  a  big  deal 

■  What  is  JUMP-ACL? 


What  We  Know  So  Far 

Sarah  J.  de  la  Motte,  PhD,  ATC 

Anthony  I.  Beutler,  LTC,  MC,  USAF 
Injury  Prevention  Research  Laboratory 
Uniformed  Services  University 


■  What’s  going  on  now  at  USAFA 


■The  way  forward 


Injuries  are  a 

Major  Problem  in  the  Military! 


MSK  Injuries  are  a 
Major  Problem  during  Deployments! 


■  Non-combat  Musculoskeletal  (MSK) 

Injuries  in  the  Military: 

-  1.6  million  medical  encounters/yr 
-#1  cause  of  lost  duty  days 

-  Biggest  health  problem  of  the 
military  services 

Jones  BH.  et  ah  Medical  Surveillance  of  Injuries  in  the  U.S.  Military:  Descriptive 
Epidemiology  and  Recommendations  for  Improvement  American  Journal  of 
Preventive  Medicine  201 0:38(1 S):S42-S  60. 


■  34%  of  deploying  troops 
sustained  a  non-combat 
MSK  injury 

■  The  most  common  reasons 
for  medical  air  evacuation: 

-  Non -combat  MSK  injuries  (24%) 

-  Combat  injuries  (14%) 


Cohen  SP  et  al:  Diagnoses  and  factors  associated  with  medical  evacuation  and  return 
to  duty  for  service  members  participating  in  Operation  Iraqi  Freedom  or  Operation 
Enduring  Freedom:  a  prospective  cohort  study.  Lancet  201 0;37 5:301 -309. 
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Consequences  of  MSK  Injury 
during  Deployment 


Consequences 

■  Force  Depletion 

■  Decreased  Readiness 
Long-Term  Consequences 

■  Loss  of  Camaraderie 

■  Loss  of  Unit  Cohesion 

■  Mission  Compromise 


No  Surgery:  >80%  OA  Risk  in  15  ys 


Consequences  of  MSK  Injury 
during  Training 


Short-Term  Consequences 
■  Injury  during  Basic  Tram' 

■  25%  proceed  to  “F7 
Discharge” 

Long-Ter  ^ences 

"  =  t  Arthritis  Risk 

•V^TaCL  Injury: 


“Good”  Surgery:  >80%  OA  Risk  in  1 5  ys 

-  Knapik,  Med  Sci  Sports  Ex,  2001 


■  Limited  Success: 

-  Cost 

-  Modifiable  vs.  Non-Modifiable 
Risk  Factors 

Not-Readilv  Modifiable: 

o  Female  Gender 
oBMI 

o  Fitness  Level 
o  Smoking 


^Movement  Patterns 
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Objectives 


■  Why  MSK-injuries  are  a  big  deal 

■  What  is  JUMP-ACL? 


■  What's  going  on  now  at  USAFA 


Collaborators 

*  Anthony  Beutler,  MD,  MC,  USAF 
-  Uniformed  Services  University 

•  Stephen  W.  Marshall,  PhD 

—  University  of  North  Carolina,  Chapel  Hill 

*  Darin  Padua,  PhD,  ATC 

—  University  of  North  Carolina,  Chapel  Hilt 

•  William  E.  Garrett,  MD,  PhD 
—  Duke  University 


jumpCincL 

MONITOR] NO  AND  PREVENTING  ACL  INJURIES 


What  modifiable  risk  factors  predict  ACL  injury  risk? 


■  5  year  tria]  at  3  military 
academies 

■  500/academy/year 

—  "*AG%  female 

—  ^  6,000  subjects 

—  15,000  man-years 

*  Goal  =  Capture  100- 
Primary  ACL  injuries 
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jumpCiflCL 


Strength  Testing 


Postural  Alignment 
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i(J0& 

Jump-Landing  Biomechanics 


Simulates  Landing  From  A  Jump: 

High  Risk  for  ACL  Injury 


jump  Cl  pel 


4  HtuftH'M  Hi.  itwM  » 


Drop  height  -  30  cm 
Hori^orHdl  distance ■  5096  body  litighl 
lump  for  majoimim  vertical  height  after  landing 
Co'  lected  3-D  joint  kinematics  &  kinetics 
-  R«rf syi  fnm  H  44D  Hr  |  *.  f Of oe-pl^l  s  j  I  44  Hr] 


K§£liii& 


"Almost  Final' 


Non-Contact  /  Indirect  Contact 
ACL  Injuries 


No 

Yes 

n 

Pci 

n 

Pci 

Females 

2,395 

39% 

39 

40% 

Males 

3,631 

61% 

59 

60% 

Total 

6f0Z6 

100% 

98: 

100% 
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Results 


Human  Movement  Risk  Factors  for 
Subsequent  ACL  Injury:  “Lab”  Findings 


jumpDncL 


MONITORING  AND  PREVENTING  ACL  INJURIES 


Jump-Landing 

Biomechanics 


Knee  in  Valgus  at  Initial  Ground  Contact 
-RR  2.0  for  non-contact  ACL 

Rapid  Hip  Internal  Rotation  on  Contact 


-  RR  for  non-contact  ACL 


Table  3.  Biomechanical  Risk  Factors  for  ACL  Injury 

All  ACL  Injuries  Non-contact 

Rate  Ratio'  Wald  Rate  Ratio  Wald 


Risk  Factor _ (96%CI)  p-Vatue  (95%CI)  p-Value 


Valgus  Knee  Angle  at  Initial  Ground  Contact 

1.9  <1.0.  3.7) 

0053 

2.0  <0.7.  5.6) 

0  195 

Hip  Rotation  »l6deg/sec  over  the  Absorption  Phase 

2.5(12.  5.0) 

0010 

6  8(1  8.  25.3) 

0004 

Average  Vertical  Ground  Reaction  Force  >  150%  o( 

2.8  <1.3.  6.2) 

0  009 

43(1.3.  14.0) 

0.017 

'Adjusted  for  all  other  variables  m  the  table  in  multivariate  Poisson  models,  unadjusted  estimates  are  similar 


Key  Points 

Riel/  Fartnrc  Inii  ir\/  Mpphanieme 

•But  we  can’t  get 
everyone  to  the  lab! 

So... 


-  Is  Knee  valgus,  Is  Hip  IR,  'T'  Knee  Varus  force.  Hard/inefficient 
landing 
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Requirements  for  a  Crystal  Ball 

"Trelawnev's  Tests'" 


Sensitive 

\ M 

Specific 

w 

Identify  Modifiable  Risk  Factors 

/;  . \ 

Doesn't  have  to  be  Perfect 

tom 

Does  have  to  be  Practical 

Predictive  Validity 

Preliminary  data  suggests  may  be  a  valid 
clinical  assessment  of 

- LESS  scores  in  ACL-injured  youth  soccer  players 

-  Sensitivity  =  83% 

-  Specificity  =  67% 

Similar  to  laboratory  external  knee  valgus 

(Hewett  et  a l  2005) 

-Sensitivity  =  78% 

-  Specificity  =  67% 


Requirements  for  Crystal  Ball 

■u&r  * 

“T  relawney’s  T*- 

:  1 


?V**Z,e 


Risk  Factors 


■  Doesn’t  have  to  be  Perfect 

■  Does  have  to  be  Practical 


Ok,  but.... 


■What  to  do  with  all  of 
this  info?!?! 
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*  Developed  from  prospective 
JUMP-ACL  data 

*  10  minute  warm-up 

*  2-3  times/week 

In  Youth  soccer: 

*  70%  ACL  Reduction! 

*  50%  decrease  in  ALL  Lower 
Extremity  injuries! 


What  does  the  crystal  ball  tel 


LESS  Score  Quarliies 


Existing  Injury  Prevention  Programs 

DIME  stacks  up  pretty  well! 

•  PEP  -  Mandelbaum: 

-  prevents  70%  non-co nt  ACL  in  female  soccer 

-30  minutes,  3-5  times/week 

•  Cincinnati  Sports  -  Hewett: 

—  Lower  incidence  of  knee  injuries 

-  60-90  minutes,  4-5  times/week 

•  Handball/Floorball  -  Olsen  &  Pasanen 
-50-65%  reduction  in  ALL  lower  extremity  injuries 
-20-30  minutes,  3-4  times/week 


■  Why  MSK-injuries  are  a  big  deal 

■  What  is  JUMP-ACL? 

■  What’s  going  on  now  at  USAFA 
■The  way  fo  rward 
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Next  Step:  NOWatUSAFA 

JUMP-ACL2 

•Implement  Proven  Injury  Prevention  Program 

•  Use  DIME  to  determine  its  effectiveness  in  Academy 

•  Pre  &  Post  intervention  assessment 

•  Approximately  50%  of  cadets  get  DIME  in  freshmen  PE 

-  Other  half  continue  with  standard  USAFA  warm-up 

•  Tie  movement  pattern  changes  to  MSK-I  outcomes 


■  ALL  incoming  cadets  in  201 1 

screened  using  the  LESS  (N-1200) 


Exercise  Intervention  -  DIME 


Post-Assessment 


■  Exercises  incorporated  into  required  freshman 
PE  class  as  a  regular  warm-up 


■  Injury  Risk  Screen  repeated  after  completion  of  PE  class 
-  How  did  movement  pattems/LESS  score  improve? 


■  50%  of  cadets  randomized  to  receive  usual  warm-up 


■  Sub-sample  screened  at  regular  intervals  to  assess  decay 


■  50%  of  cadets  receive  DIME  program  under 
professional  supervision  by  trained 
movement  specialist 

-  Changes  in  movement  pattern  require  coaching, 
reinforcement  &  active  feedback 

-  Thank  you,  DSOC! 


-  How  long  do  these  changes  last? 

ACL  &  lower  extremity  injury  data  obtained  for  next  12  mo 
USAFA  Cadet  Injury  Tracking  System 


coming  online  Fall  201 1 

-  The  Holy  Grail! 

worn 

km 
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Objectives 


■  Why  MSK-injuries  are  a  big  deal 

■  What  is  JUMP-ACL? 


■  What’s  going  on  now  at  USAFA 


10  Min  Injury  Prevention.  Movement  Re-Training  Program 

•  Changes  in  movement  pattern  require  coaching, 
reinforcement,  and  active  feedback 

Summer  Basic  Cadet  Training  Versus  Freshman  PE  Class 

•  USAFA  -  Freshman  PE;  USMA  -  Summer  BCT 
Capture  Movement  Pattern  Chances  &  Injury  Outcomes 

•  Preliminary  Results 

•  Movement  Pattern  Changes  Hard  to  Capture 

•  5X  ^  LE  injuries  in  Intense  Supervised  Program 


■  Prevent  Anterior  Cruciate  Ligament  (ACL)  & 
lower-extremity  injuries  in  Academy  cadets 

■  Determine  proper  supervision  method  for 
exercise  instruction  (professional  vs  cadet  led) 

■  Evaluate  for  decay  of  movement  pattern  change 
and  training  effect 

■  Using  this  knowledge,  create  a  proven, 
portable,  user-friendly  program  to  translate  into 
Big  Military 


■  Why  MSK-injuries  are  a  big  deal 

■  What  is  JUMP-ACL? 

■  What’s  going  on  now  at  USAFA 
■The  way  forward 
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Anti-retinal  Antibodies  as  Biomarkers  for  Laser  Induced  Retinal  Injuries  in  Rabbits 
Summa  Health  System 
Dr.  Rachida  Bouhenni 


PURPOSE:  Retinal  injuries  affecting  the  photoreceptors  and/or  the  retinal  pigment  epithelium  (RPE)  may  result 
in  leakage  of  retinal-specific  proteins  into  the  systemic  circulation.  These  proteins  could  be  detected  in  body 
fluids  following  the  injury  and  vary  with  the  severity  of  the  injury  and  during  the  subsequent  recovery  period. 

METHODS:  Using  a  continuous  532  nm  laser,  50  spots  of  mild  (MVL),  moderate  (GII),  or  severe  (GUI)  laser 
lesions  were  created  in  retinas  of  Dutch  Belted  rabbits  (n=  12/grade).  Serum  and  saliva  were  collected  from 
treated  and  control  animals  at  lhrs,  4hrs  and  24hrs  following  laser  treatment.  Retinal-specific  proteins  were 
detected  using  Liquid  Chromatography/Tandem  Mass  spectrometry.  Statistical  analyses  were  performed  using 
One  way  ANOVA.  P<0.05  was  considered  significant. 

RESULTS:  Retinal-specific  proteins  were  detected  in  both  saliva  and  serum  samples  at  all  time  points  after 
laser  injury.  Most  proteins  were  detected  in  the  samples  treated  with  MVL  at  4hrs,  followed  by  GII  and  GUI 
laser  lesions.  Some  of  the  proteins  were  common  to  more  that  one  laser  grade.  Although,  more  proteins  were 
detected  following  treatment  with  mild  lesions,  and  at  4  hrs  after  treatment,  the  differences  between  groups 
were  not  significant.  CONCLUSION:  Retinal-specific  proteins  were  detected  in  both  saliva  and  serum  of 
rabbits  following  laser  treatment.  The  numbers  of  proteins  detected  did  not  vary  with  severity  and  time 
following  injury.  The  biomarker  response  appears  transient,  peaks  at  4  hours  after  laser  treatment  and  is  reduced 
at  24hrs. These  proteins  could  be  used  as  biomarkers  for  laser  induced  retinal  injuries  in  military  operations. 
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Anti-retinal  Antibodies  as 
Biomarkers  for  Laser  Induced 
Retinal  Injuries  in  Rabbits 


Rachida  Bouhenni,  PhD 
Summa  Health  System,  Akron,  OH 

I  ||/^0NIVER3JTY0riUW(JS 
Ul  WAT  CHICAGO 


Background  &  Significance 


♦  Laser  sources  can  cause  ocular  trauma/retinal  damage 

-  Laser  weapons 

-  Laser  sights 

-  Some  remote  sensing  instruments 
—  Handheld  laser  pointers 

♦  War  fighters  and  other  operators  are  at  increased  risk 

♦  Some  lesions  are  asymptomatic  and  almost 
impossible  to  detect  in  routine  examinations 

♦  Non-invasive  diagnostic  tests  to  detect  molecular 
signatures  of  retinal  injuries  are  needed. 

I  WflVWS>TV0Flli«0)S 

U  I  \#  AT  CHICAGO 


Hypothesis 


jj  Vision  for  Clinical  Application 


Laser  causes  photoreceptor  and  RPE  cell  death  and 
violates  the  Blood  Retina  Barrier 
Disruption  of  the  Blood  Retinal  Barrier  following 
laser  exposure  leads  to  the  release  of  retinal  proteins 
into  the  blood  circulation. 

These  proteins  may  initiate  an  immune  response, 
resulting  in  auto-antibodies  that  are  detectable  in  the 
serum  12  weeks  later. 

These  auto-antibodies  could  serve  as  molecular 
biomarkers  for  retinal  injuries  caused  by  laser. 

I  1 1  ^  UNIVERSITY  Of  ILLINOIS 
Ul  WAT  CHICAGO 


|  ||^  JMVLRSITYOT  ILLINOIS 
Ul  WAT  CHICAGO 
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Approach 


Experimental  Design  Overview 


—  J-ii 


A 

A  A 


UteDdh 

amo-Amk&uiJta 

By  null  i]imron]rlr' 


UIC 


tMvtranYtMiJKje 


*  Experiment  1  {n=7Z  rabbits); 

-  Variable:  Laser  injury  grades 

*  Different  laser  giades  (MVLr  Cll,  Gill} 

*  Fixed  lesion  number  (SO  lesions,  1  eye) 

*  Experiment  t  (n^72  rabbits) 

-  Variable:  Exposure  levels 

-  Different  injury  profiles  (i,  10,  5G  lesions) 

*  Fixed  laser  grade  (MVL) 

-  Experiment  3  {n=  46  rabbits) 

-  Variable;  if  of  laser  exposures 

*  2  or  3  MVL  laser  treatments,  50  lesions  per  treatment 

*  1  month  between  treatments 

BJp°-4jPj,l.eAt.e,d..a.t_12_WEeiks_p.fter_expiDsure 

jhAwi  jt  prott/i  v/  h-'uj  apprtnfJ  hi  VSAF  lintmjt  raetmh  prut  ram  amlikr  f.iCl'C  iiMnmlitre  of  XEOJWt 


■  *■/*  IQACKS 

Ullg*  *T&U0M» 


Only  ^pofs  preseni  in  2  or  mors  laser  and  none  of  ihe  controls  ere  seJected 


UIC 


UMVtfSltYff  Ufrtts 
ATpuC*62 
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Spot  Excision  I  Experiment  1  Results 


#  animals 

Protein  description 

Laser  Grade 

2  of  2 

Fructose  bisphosphate  aldolase  C 

MVL 

4  of  4 

Dihydro pyrimidinase  related  protein  2 

GE 

3  of  4 

Triosephosphate  isomeraSe 

GE 

2  of  4 

Fructose  bisphosphate  aldolase  C 

GII 

2  of  4 

Transketolase 

GII 

2  of  4 

Transitional  endoplasmic  reticulum  ATPase 

GH 

2  of  4 

SerotranSferrin 

GII 

2  of  4 

Cofilin-1 

GE 

2  of  4 

Alpha  enolase 

GII 

2  of  4 

T-complex  protein  1  Subunit  zeta 

GII 

2  of  4 

Pyruvate  kinase  isozymes  M1/M2 

GII 

2  of  4 

Elongation  factor  1  -alpha  1 

GE 

3  of  3 

Probable  ATP-dependent  RNA  helicase  DDX 17 

GEI 

Auto-antigens-  are  confirmed  by  size  and  IP 

W  7  III  UNIVERSITY  Of  ILLINOIS 

U  I  vr  AT  CHICAGO 


Experiment  2  Design  Details  I  Experiment  2  results 


•  4  Groups  (n=72) 

-All  MVL  Injuries 

•  Group  1  =  5  lesions  (n=18) 

•  Group  2  =  10  lesions  (n=18) 

♦  Group  3  =  50  lesions  (n=18) 

*  Group  4=  Mock  Control  (n=18) 


♦  No  auto-antibodies  were  detected  in  the  5  or 
10  lesions  treated  animals 

♦  The  50  lesions  treated  animal's  samples  in 
process 

♦  Repeated  to  reproduce  results 


12wks 

J 
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Experiment  3  Design  Details  I  Experiment  3  results 


5  Groups  (n=4G) 

—  All  MVL  lesions,  1  month  intervals 

*  Group  1  &  3  si  laser  exposure,  50  lesions 

*  Group  2  &  4  =2  laser  exposures,  100  total  lesions 

*  Groups  =3  laser  exposures,  150  total  lesions 

24  hr  24  hr  24  hr  "2  wfcs 

~  K  ^  C;C  **’■  rl  (I 

I  .  i.  .  1 


T 

— \ - 

1  month 

1  month 

frani  mals 

Protein  dHuipHtiD 

ftf  uf  laser 
(real  mrntc 

3  on 

Glutamine  synthetase 

] 

3ofJJ 

Pyntvate  kinase  isozymes 

1 

2  on 

UbiqujLui-1 

1 

2*n 

T-l'iiiu|i1hi  ]ii  iilciti  1  nulinnil  irla 

1 

ion 

Dili j  ill  ii|n  liiuicl  blimp  rrhli-il  |ii  iilria  1 

1 

2  or  3 

Tubulin  Ma-2  ch?un 

1 

2  on 

BiftmciiLitl-iL  (tin  me  binfiyntlmi  in  [iraLtiu 

7 

7  on 

fofpHiTttt  flJtuinCrmifcritK: 

2 

2  of! 

Hcme-L  uU jig  i^uIeji  2 

3 

2  on 

Beta  cjscflsmc/AlpNli  cnolsisr 

3 

2  an 

Tiibuim  alpha- 1  ehiiaTubuiin  beta-2  chain 

3 

IflCW*"" 


Top  Candidate  auto-antibodies 


UaiProt 

Accession 

Protein  description 

MVL 

cu 

Gill 

002675 

DUiydrcpyrimbinase-ieLated  protein  2 

m 

m 

W 

Q9GKWT 

FnK;luRr-Bu,,fphaH|)liak;  alcliibwc  0 

vs 

2/4 

on 

077622 

T-conipJcz  pratem  1  subunii  zeta 

2/S 

2/4 

an 

pi,  1974 

Pynivute  fc  iii:lk;  uJij£yrticil  MT/M2 

m 

2/4 

on 

Ulv  UCHKWD 


Other  candidates 


LWrot 

Arundc'iiL 

Protein  description 

MVL 

C13 

GUI 

P0O33? 

'TrrosephDB[fliale  Lscenera.se 

1/t 

%/4 

on 

Q6ES55 

Tranaketolase 

O't 

2/4 

on 

FCH*J74 

TranaLtucnaL  endfipLasmic  reticulum  Al'Peae 

0/8 

2/4 

on 

PI  91 M 

SenJtransfcmn 

m 

2/4 

on 

Q5El*F7 

CcfLlm-1 

G/s 

2/4 

on 

Q9XSJ4 

Alplta-cnolanc; 

MR 

2/4 

on 

P6H113S 

CLongatLon  factor  1  -aLpfea  I 

aw 

2!4 

on 

PUHfl 

LjikJLumtir 

vn 

DM 

an 

Q9UMH2U 

UhiquUin-1 

23 

UU 

on 

rfi^G9S 

TubijLiJi  L'cbL-7.  kJiaut 

273 

QM 

on 

Ulw  atocjio 


90 


Proceedings  of  the  2011  AFMS  Medical  Research  Symposium 

Volume  3  Force  Health  Protection 


Expression  of  the  candidate  auto-antibodies  I  Molecular  Function 

in  the  rabbit  retina  I _ _ 


III  ^  IMVER9TY  OF  ILLINOIS  I  1 1  ^  UMVERSfTY  Of  HJJNOS 

UI^ATCHCAGO  v  I  v  AT CHICAGO 


Conclusions 


Acknowledgments 


►  Most  auto-antibodies  were  detected  in  response  to  treatment 
with  GII  laser  followed  by  MVL 

►  #  of  laser  treatments  resulted  in  different  auto-antibodies. 

►  GUI  laser  may  have  caused  protein  degradation  at  the  site  of 
injury 

►  Most  auto-antibodies  were  raised  against  proteins  that  have  a 
function  in  glucose  metabolism  and  protein  binding 

(unregulated following  treatment  or  abundant) 

*  that  this  approach  may  permit  future  development  of  new 
diagnostic  methods  for  retinal  injuries. 

►  A  panel  of  4  biomarkers  may  be  used  for  detection  of  retinal 
laser  injury:  DRP2,  TPI,  PKM  and  AldC 

►  This  approach  may  permit  future  development  of  new  rapid 
diagnostic  methods  for  retinal  injuries 


This  project  is  being  developed  under  Contract  Number  FA7014-07-C-0047, 
with  the  U.S.  Air  Force  Surgeon  General's  Office  (AF/SG)  and  administered  by 
the  Air  Force  District  of  Washington  (AFDW).  The  Air  Force  has  not  yet 
accepted  the  products  depicted  and  issuance  of  a  contract  does  not  constitute 
a  Federal  endorsement  of  the  University  of  Illinois  at  Chicago. 
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Questions'] 
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Detection  of  Retinal  Proteins  in  Saliva  and  Serum  in  Laser  Induced  Retinal  Injuries  in  Rabbits 
Summa  Health  System 
Dr.  Rachida  Bouhenni 


PURPOSE:  Retinal  injuries  that  affect  the  photoreceptors  and/or  the  retinal  pigment  epithelium  (RPE)  may 
result  in  the  leakage  of  retinal-specific  proteins  into  the  systemic  circulation.  This  study  was  designed  to 
determine  whether  an  immune  response  is  elicited  after  an  acute  retinal  injury  resulting  in  circulating  anti- 
retinal  antibodies  in  the  serum. 

METHODS:  Fifty  laser  bums  of  different  grades  (minimally  visible  lesion  (MVL),  grade  II  (GII),  or  grade  III 
(GUI)  lesions)  were  created  in  the  retinas  of  Dutch  Belted  rabbits.  The  degree  of  laser  bums  was  confirmed  by 
fundus  imaging  and  histology.  Semm  samples  were  collected  from  the  animals  three  months  after  the  retinal 
injury.  Candidate  autoantigens  were  identified  by  two-dimensional  western  blots  of  rabbit  retinal  lysate  probed 
with  sera  from  either  control  or  laser-treated  animals.  Candidate  autoantigens  were  further  characterized  by 
immunohistochemistry  to  confirm  their  retinal  localization.  RESULTS:  Seven  and  eleven  protein  spots  were 
selected  from  the  MVL  and  grade  II  laser-treated  samples,  respectively,  for  autoantigen  identification.  No 
protein  spots  were  detected  in  the  grade  III  laser- treated  samples.  Four  candidate  autoantigens  were  common  to 
both  MVL  and  GII  lesions:  Dihydropyrimidinase-related  protein-2,  fmctose-bisphosphate  aldolase  C, 
chaperonin-containing  T-complex  polypeptide  1  subunit  zeta,  and  pymvate  kinase  isozyme.  CONCLUSION: 
Induced  retinal  laser  injuries  resulted  in  circulating  anti-retinal  antibodies  that  were  detectable  three  months 
after  the  injury.  The  response  appeared  to  vary  with  the  severity  of  the  laser  retinal  damage.  The  identification 
of  the  candidate  antigens  in  this  study  suggest  that  this  approach  may  permit  future  development  of  new 
diagnostic  methods  for  acute  retinal  injuries. 
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Detection  of  Retinal  Proteins  in  Saliva 
and  Serum  Following  Laser  Induced 
Retinal  Injuries  in  Rabbits 


Rachida  Bouhenni,  PhD 
Summa  Health  System,  Akron,  OH 


SvsniA 


I  1 1  UNIVERSITY  Of  ILLINOIS 

U  I  AT  CHICAGO 


Background  &  Significance 


•  Laser  sources  can  cause  ocular  trauma/retinal  damage 

—  Laser  weapons 
—  Laser  sights 

-  Some  remote  sensing  instruments 
—  Handheld  laser  pointers 

•  War  fighters  and  other  operators  are  at  increased  risk 

•  Some  lesions  are  asymptomatic  and  almost 
impossible  to  detect  in  routine  examinations 

•  Non-invasive  diagnostic  techniques  to  detect 
molecular  signatures  of  retinal  injuries  are  needed. 

I  UNIVERSITY  Of  ILLINOIS 

U I  \#  AT  CHICAGO 


Hypothesis 


Approach 


•  Laser  causes  photoreceptor  and  RPE  cell  death  and 
violates  the  Blood  Retina  Barrier 

*  Protein  from  damaged  cells  can  leak  through  the 
damaged  blood  retina  barrier  into  the  systemic 
circulation 

*  These  proteins  can  be  detected  by  proteomics  in  body 
fluids  such  as  serum  and  saliva 

•  These  proteins  can  be  used  as  biomarkers  for 
detection  of  laser  induced  retinal  injuries. 


Serum  &  Saliva 


■w 


Laser  treatment 


Significant  targets  by 


MRM 


UIC 
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Vision  for  Clinical  Application  I  Experimental  Design  Overview 


•  Experiment  1  (n=72  rabbits): 

-  Variable:  Laser  injury  grades 

•  Different  laser  grades  (MVL,  GH,  Gill) 

•  Fixed  lesion  number  (50  lesions*  1  eye) 

•  Experiment  2  (n=72  rabbits) 

-  Variable:  Exposure  levels 

•  Different  injury  profiles  (5, 10,  50  lesions) 

•  Fixed  laser  grade  (MVL) 

•  Experiment  3  (n=  46  rabbits) 

-  Variable:  Time  between  exposures 

•  2  or  3  MVL  laser  injuries,  50  lesions  per  interval 

•  1  month  between  exposures 

Saliva  and  serum  samples  were  collected  at  Ihr,  4hrs  and  24hrs. 

I  ■■^UNIVBSTYOFUJNOB 
VI  WAT  CHICAGO 


confirmation  of  Laser  Burns 


♦  Frequency- doubled  Nd:YAG  laser  (532  nm)  mounted 
on  a  slit  lamp. 

-  MVL  (Minimally  Visible  Lesion):  100  mw,  100  ms,  500  pm 
lesion 

-  GII  (Grade  2):  150  mw,  200  ms,  500  pm  lesion 

-  GUI  (Grade  3):  300  mw,  200  ms,  500  pm  lesion 


♦  Mock  control  rabbits  received  anesthesia  and  pupil 
dilation  but  not  laser. 


uic 
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LC-MS/MS 


ji  Experiment  1  Design  Details 


•  Serum  samples  were  fractionated  by  isoelectric  focusing 
from  pH  3-10  using  a  microrotofor  (BioRad).  Ten  fractions 
were  collected. 

•  100  pi  of  either  saliva  or  fractionated  serum  was 
polymerized  into  15%  acrylamide  gel  pieces. 

•  Gel  pieces  were  incubated  overnight  in  trypsin  solution  and 
digested  proteins  were  extracted  twice  and  allowed  to  dry. 

•  Dried  samples  were  resuspended,  sonicated,  and  extracted 
using  a  C18  ZipTip  column  (Millipore). 

•  Automated  nano-flow  HP LC- tandem  mass  spectrometry 
(LC-MS/MS)  was  performed. 

•  Eluted  ions  were  electrosprayed  at  1.75  kV. 

•  Data  collected  was  blasted  against  the  Uniprot  mammalian 

database.  ■ii^uN'vtRsmomiNOB 

UIV  AT  CHICAGO 


•  4  Groups  (n=72) 

-  MVL  (n=18) 

-  GII  (n=18) 

-  GUI  (n=18) 

-  Mock  Control  (n=18) 


24  hr 


I  ||^UNlVERS(TY0f  ILUNOIS 
U  I  W  AT  CHICAGO 


Experiment  1  Results  I  Experiment  2  Design  Details 


Proteins  detected  in  saliva 

Frequency/total 

Laser  grade 

Time  point 

CACNA1F 

4/12 

MVL  (2),  GII 

Cl),  cm  (1) 

lhr,  4hrs,  24  hrs 

CNG3  (CNG  A3/CN  GB3) 

2/12 

MVL,  GD, 

4hrs,  24hrs 

PDE6  (AJB) 

2/12 

MVL,  GD 

lhr,4hrs 

CaBPl 

1/12 

MVL 

4hrs 

Proteins  detected  in  serum 

Frequency/total 

Laser  grade 

Time  point 

CNG3(CN  GA3/CNGB3) 

3 

MVL  (1),  GDI  (2) 

4hrs,  24hrs 

PDE6  (B,C) 

2 

MVL  (1),  GD(1) 

4hrs,  24hrs 

Retinal  oxidase 

2 

MVL(l),  Gffl  (1) 

24hrs 

ABC4A 

l 

MVL 

4hrs 

RGS9 

1 

MVL 

24hrs 

Phosducin 

1 

cm 

4hrs 

■  WIVtftSlTYOFllUNOG 

UlV  AT  CHICAGO 


•  4  Groups  (n=72) 

-  All  MVL  Injuries 

•  Group  1  =  5  lesions  (n=18) 

•  Group  2  =  10  lesions  (n=18) 

•  Group  3  =  50  lesions  (n=18) 

•  Group  4  =  Mock  Control  (n=18) 


I  ||/V»Mfl5lTyUFILUN0G 
UlV  AT  CHICAGO 
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Experiment  2  Results  I  Experiment  3  Design  Details 


•  5  Groups  (n=46) 

-  All  MVL  lesions 

•  Group  1  &  3  =1  laser  exposure,  50  lesions 

•  Group  2  &  4  =2  laser  exposures,  100  total  lesions 

•  Group  5  =  3  laser  exposures,  150  total  lesions 


►  No  proteins  were  detected  in  saliva  in  Exp  2 

*  No  definitive  conclusions  were  made  from  this  experiment 

*  The  spot  #  does  not  affect  the  biomarker  response 

*  Experiment  was  repeated,  analysis  in  process 


I  1 1  UNIVERSITY  Of  ILLINOIS 
W  I  W  AT  CHICAGO 


24  hr 


- T - 

1  month 


- 1 - 

1  month 

uics 


Proteins  detected  in  serum 

positive  /10 
pools* 

Time 

point 

#  laser  spots 

Zinc  finger  prot err 

1 

24hrs 

5 

Pleckstrin  homology  domain- 
containing  family  B  member  1 
(Pleckstrin  homology 

1 

24hrs 

50 

Experiment  3  Results 


Proteins  detected  in  serum 

Frequency/total 

Time  point 

#  of  laser 

treatments 

CNGB3 

1 

24hrs 

1 

RPE65 

1 

24hrs 

2 

ABC4A 

1 

24hrs 

2 

Opsin  5 

1 

24hrs 

1 

N  rural  retina  leucine 
(NRL)  zipper  protein 

1 

24hrs 

1 

'No  Proteins  were  detected  in  saliva 

'No  proteins  were  detected  in  the  3  laser  treatment 

' CNGB3  and  PDE6  was  detected  again. 


Candidate  Biomarkers  Detected  in  Serum 


Retinal  protein 

MVL 

Gil 

Gill 

CNG  3(  CN  G  A3/CN  GB  3) 

1  (4hrs) 

2  (4hrs,  24hrs) 

PDE6  (B,C) 

1  (4hrs) 

l(24hrs) 

- 

ABC4A 

1  (4hrs) 

- 

RGS9 

l(24hrs) 

- 

Phosducin 

- 

l(4hrs) 

Retinal  oxidase 

1  (24hrs) 

1  (24hrs) 

I  1 1  UNIVERSITY  Of  ILLINOIS 
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I  1 1  ^  UNIVERSITY  Of  ILLINOIS 
U I  WAT  CHICAGO 


97 


Proceedings  of  the  2011  AFMS  Medical  Research  Symposium 

Volume  3  Force  Health  Protection 


Candidate  Biomarkcrs  Detected  in  Saliva  I  Biomarker  Detection  Over  Time 


Retinal  protein 

MVL  (3 
animals) 

Gil  (3  animals) 

Gill  (3 
animals) 

CACWA1  F 

2{lhr,  4hrs) 

!  {4hrs] 

l(24h  r$) 

CNG3  (CNGA3/CNGB3) 

l(4hrs} 

l{24hrs) 

0 

PD£6  {A,Bj 

1  (ihr) 

l{4hrs) 

0 

CafiPl 

l(4hr&) 

0 

0 

E  * 

1- 

i- 

i: 

!. 

lulu:  HmmnrkBjAdMty 

1  ~ 

■ 

1  LI 

JO 

IFp 

Ah  34- r- 

TI'Tpp 

H-MVi.  ■-mi  n-ora 


UIC«" 


UIC 


WEWTTYO 


Conclusion  I  Future  plans 


*1*  Most  bio  markers  are  detected  in  MVL  at  1  hr  and  4hrs  time 
point  (transient). 

*!*  GUI  results  in  a  poor  response,  most  likely  because  cells  are 
dead  and  proteins  are  degraded 

O  Number  oflaser  lesions  did  not  effect  the  biomarker  response 
(experiment  repeated), 

*>  Intermittent  laser  treatments  resulted  in  a  different  biomarker 
response 

*!*  A  panel  of  5  proteins  can  be  used  for  detection  of  retinal  laser 
injuries  hy  LCMS-MS  (CNGA3,  CNGB3,  PDR6A,  PDK6B, 
PTlEtiC) 

*!*  This  approach  may  permit  future  development  of  new 
diagnostic  methods  for  retinal  injuries 

I  -i.vift,'  itruuNdfi 

UIV  tfTCHKXE 


Validation  of  the  candidate  biomarkcrs  using 
Western  blot,  ELISA  or  MRM. 
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Serum  Biomarker  Responses  in  a  Non-Human  Primate  Model  of  Acute  Retinal  Laser  Injury 
Summa  Health  System 
Mr.  Jeffrey  Dunmire 


PURPOSE:  To  identify  unique  proteomic  signatures  in  sera  indicative  of  retinal  injury.  METHODS:  We  used 
laser  photocoagulation  as  a  model  of  retinal  injury  in  Rhesus  macaques.  Serum  was  collected  from  each  animal 
at  4h,  Id,  3d,  and  lw  following  a  mock  procedure  and  again  following  retinal  laser  treatment  that  produced 
either  Grade  2  (moderately  severe;  GII,  n=6)  or  minimally  visible  lesions  (mild;  MVL,  n=6).  Samples  were 
analyzed  by  mass  spectrometry  and  relative  protein  abundances  were  determined  by  spectral  counting.  Stringent 
filtering  criteria  and  analysis  by  G-test,  followed  by  Holm-Sidak  correction  for  multiple  comparisons,  were  used 
to  determine  statistical  significance.  Proteins  with  p<0.05  were  considered  significant.  RESULTS:  A  total  of  19 
and  17  proteins  were  identified  as  significantly  more  abundant  in  sera  following  MVL  and  GII  injury 
respectively.  None  of  these  proteins  were  common  to  both  MVL  and  GII.  However,  among  the  36  proteins, 
irrespective  of  injury  severity,  most  were  ontologically  similar.  Although  most  differences  were  unique  to  one 
time  point,  4  proteins  (CK18,  PGK1,  FUT3,  and  EPHA2)  from  MVL  and  1  protein  (DDX17)  from  GII  showed 
differences  at  multiple  time  points  after  injury.  For  these  proteins,  maximal  protein  elevation  between  4h  and  3d 
was  followed  by  a  decrease  to  basal  levels  within  lw. 

CONCLUSIONS:  A  serum  biomarker  response  to  both  GII  and  MVL  retinal  injury  was  demonstrated.  The 
proteomic  signature  was  unique  for  each  grade  of  injury  and  appeared  transiently  between  l-3d.  Increased 
abundance  of  these  proteins  in  serum  may  be  useful  markers  for  detection  of  acute  retinal  injury. 
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Serum  Biomarkcr  Responses  in  a 
Non-Human  Primate  Model  of  Acute 
Retinal  Laser  Injury 


Jeffrey  Dunmirc 
Ophthalmology  Research 
Summa  Health  System,  Akron,  OH 


Background  &  Significance 


#  Laser  sources  can  cause  ocular  trauma/relmal  damage 
—  Laser  weapons 

—  Laser  sights 

—  Some  remote  sensing  instruments 
—  Handheld  laser  pointers 

*  War  fighters  and  other  operators  arc  at  increased  risk 

•  Some  lesions  are  asymptomatic  and  almost 
impossible  to  detect  in  routine  examinations 

*  Rapid,  non- invasive  diagnostic  techniques  to  detect 
molecular  signatures  of  retinal  injuries  arc  needed. 

UICBSSSS^™ 


Hypothesis 


|  Approach  to  Laser  injury  Biomarker  Discovery 


Laser  injury  causes  photoreceptor  and  RPR  cell  death 

Law  Treatment 

Pr&twn  Fr  acli  onatson 

and  violates  ihe  Blood  Retina  Barrier 

_  *  fe  *  *  * 

Protein  from  damaged  cells  can  leak  through  the 
damaged  blood  retina  hairier  into  the  systemic 
circulation 

/TO  11 

pH  3 - *pH1B 

l 

Trypsin  Dlgratfan 

k  '  fa  Mi  fto  Hii 

-it.  ''-Lr  (Ujj  M 

Mi.  0)  «J  Ml  Mi 

J 

LC-MS/MB  Analysis 

These  proteins  can  be  detected  by  proteomics  in  body 
fluids  such  as  serum  and  saliva 

Purpose'  Identify  any 
statistically  significant 
protcotnic  changes  in 

Si gn ifl c  wi(  Targets  by 
Spectral  Counting 

y* 

These  proteins  can  be  used  as  biomarkers  lor 
detection  of  laser  induced  retinal  injuries. 

response  to  laser  injury, 
by  LOMS/MS  and 

| 

Identlfl  patio  n  of  . 

spectral  counting. 

C  m  A  date  Targafi  V 

. 

Target  validation  Uy 

Western  Wot  or  ELISA 
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Experimental  Design 


Establishment  of  Laser  Injury 


•  Animal  use  protocol  approved  by  USAF  Animal 
Research  Programs;  proposal  #AFOSR-2007-2003A 

•  2  Groups,  Paired-Control  Study 

-  Minimal  Visible  Lesion  (MVL),  mild;  n~6 

-  Grade  n  Lesion  (GII),  moderate;  n-6 

3  weeks 

- 1 

Mock  MVL  or  GII 

Tre  atment  Las  er  Treatment 

I  II#"*  UfJIVERSiTY  Of  ILLINOIS 
UIV  AT  CHICAGO 


4h  Id  3d  Iwk 


Will 


4h  Id  3d  Iwk 

ill? 
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Dissected  Retina 

#  * 

> 


Sample  Processing 


Data  Analysis 


*  Serum  samples  were  fractionated  by  isoelectric 
focusing  from  pH  3-10. 

*  Fractionated  serum  was  polymerized  into  15% 
acrylamide  gel  pieces. 

*  Gel  pieces  were  digested  with  trypsin  and  peptides 
were  extracted. 

*  Dried  samples  were  resuspended  and  desalted  using  a 
Cl  8  Zip  Tip  column  (Millipore). 

*  Automated  nano-flow  HPLC-tandem  mass 
spectrometry  (LC-MS/MS)  was  performed. 

*  Data  was  blasted  against  the  Uniprot  macaque 

database .  i  ■  i  ^  university  of  Illinois 

UIV  AT  CHICAGO 


•  Spectral  counting  was  used  to  determine  relative 
protein  abundances. 

•  Stringent  data  filtering  and  statistical  analysis 

-  Normalized  p-value  using  G-test 

—  p-value  adjusted  by  Holm-Sidak  method 
—  Proteins  retained  if: 

•  Adjusted  p-value  <  0.05 

•  Scan  count  ratio  >  2.0 

•  Occur  in  at  least  50%  of  laser  treated  samples 

•  Minimized  rate  of  false  identification  and  increased 
confidence  in  biomarker  candidates 

I  ||^  UNIVERSITY  Of  ILUNOIS 
UIV  AT  CHICAGO 
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Results:  MVL  Serum 


Results:  MVL  Serum 
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PGK1 


KUT3 


■  Control 

■  IrestEd 


♦  luei  eased  activity  with 
inflammation,  neural 
differentiation.  cancer. 
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EPHA2 


CK18 


*  Expressed  in  retinal  ganglion 
cells. 

*  Increased  expression  of 
ephrin  receptors  in  brain  and 
retina  following  laser  injury. 


*  Expressed  in  simple 
epithelial  cells  (RPE  marker). 

*  Cleaved  by  caspase  early  in 
apoptosis. 

*  Fragments  have  been 
detected  in  serum  as  useful 
markers  of  cell  death. 


Time  Point 
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CK18  Detection 


CK18  Detection  Detail 


Epithelial  c*4l  death 
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Caspase  Caspase 
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PEPTIDES  DETECTED 


PEPTIDES  DETECTED 
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Dl  143  LR  KVI DD1W ITFLQL  ETEIEALK  EELL  FM  K  KN  HEEEV  KG  LQAG.IAS  iGLTVEV*  DA  PK 

SQDLAK IM V  Ul RAQYDEMaFt: t  EK  LDKYWSQQIEESTTVVTTq&A EVGAAETTITCL 
RRTFQSIP INLDSMRNL  KASLENSLREVEARYA  LQM  BQLNG  I LLH  LESELAQTRTEGQRQ 
AQEYEAL  LN IKVK  M  EA  QATDRCL  LEDG  EEF  N  LG  DA  L*  DS i  NSTG.TVQKTTTR  RIVDGKWS 
ETNDTKVLRH  'Caspase  Cleavage  Site  (Apoptoticiimpte  Epithelial  Cells-  RPEf 
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Theoretical  Active  Pathways 


•  Based  on  MVL  serum 
proteomic  results 

•  6  MVL  proteins  map 
to  pathway  related  to 
TNF-induced  apoptosis 

•  Assays  for  KRT1 8 
look  at  presence  of 
fragments  in  serum  due 
to  RPE  cell  death 

I  1 1  UNIVERSITY  OF  ILLINOIS 
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Results:  GII  Serum 
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Gene  Ontology 


Proteins  by  Cellular  Localization 


Proteins  by  Biological  Process 
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Conclusions 


Next  Steps 


*  Model  of  laser  injury  for  G1I  and  MVL  was  established 
m  non -human  primates. 

*  Panels  of  candidate  protein  biomarkers  in  response  to 
retinal  injury  were  identified. 

*  Th  is  w  ork  was  recen  tl  y  p ub  H  shed : 

-  Novel  serum  proteomic  signatures  it i  a  n  on-human  primate 
model  qf  retinal  injury .  Dumnire  JJ,  Bouhenni  R.  Han  ML. 
Wakim  BT,  Cliomyk  AM,  Scott  SH,  Nakamura  H,  Edward  DP. 
Mo]  Vis.  201 1  Mar  23;  17:779-91.  PM  ID:  23527995 


*  Investigate  individual  proteins 

*  Identify  “best”  diagnostic  panel  of  biomarkers 

*  Develop  immunoassays 


I II A 


UIC 
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Sensors  for  Monitoring  Laser  Radiation  Exposure 
Sensing  Strategies,  Inc 
Dr.  Richard  Preston 


In  response  to  the  growing  use  of  lasers  in  military  applications,  AF/SGR  has  developed  novel  laser  sensors  to 
detect  and  characterize  laser  radiation  exposures.  The  sensors  can  be  used  for  occupational  health  purposes  in 
domestic  testing  or  for  force  protection  in  tactical  applications.  Two  types  of  laser  sensors  have  been  fabricated 
and  tested.  The  first  is  called  the  Personnel  Protection  Sensor  (PPS)  which  is  designed  to  detect  pulsed  lasers  in 
the  400-1100  nm  spectral  range.  The  sensor  provides  live  feedback  regarding  the  exposure  levels  and  indicates 
if  protective  eye  wear  will  be  effective  in  preventing  injury.  The  PPS  is  battery  operated  and  can  be  run  for  up 
to  seven  hours  to  log  exposures  during  domestic  testing  or  in  ground  or  flight  operations  in  tactical 
engagements.  The  second  type  of  sensor  is  called  the  Geolocation  Sensor  and  it  characterizes  both  pulsed  and 
CW  lasers.  This  sensor  provides  more  detailed  data  on  the  laser  radiation  and  explicitly  measures  wavelength 
and  angle  of  arrival.  The  Geolocation  Sensor  is  larger  in  size  than  the  PPS  and  requires  external  power  to 
operate.  This  talk  will  describe  the  sensors  and  present  sample  test  data.  AF/SGR  welcomes  organizations 
interested  in  borrowing  the  hardware  for  new  test  applications.  AF/SGR  will  provide  test  planning  consultation 
with  potential  users  and  provide  subject  matter  experts  to  assist  in  data  analysis  if  needed. 
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AF/SGR  Research:  Sensors  for  Monitoring 
Laser  Radiation  Exposure 

Presented  by 

Dr.  Richard  Preston.  SSI  President 
91  Route  31  North.  Pennington.  NJ  08534 

Support  provided  under  AF/SGR  program  under  subcontract 
to  University  Of  Illinois.  Chicago 
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SS; 


The  Laser  Threat  to 
Commercial  Aircraft  is  Growing 


Worldwide  laser  Incidents  are 
increasing  in  number  and 
sophistication 


Commercially  available  lasers  are 
increasing  in  power  and  becoming 
more  portable 


Why  Consider  Laser  Warning 
Technology? 


Safety  Zone  Compliance 


Medical  Evaluation 

Aircrew  light  readiness 

Addi  joi  wl  testing  or  treatment  warranted 


Forensic  Data 

Provide  evidence  for  trials 
Understand  trends 
Identi  fy  new  throats 
Produce  a  rpjanjjifltive  data  hasp 
Impact  projections 


Situational  Awareness 

•  Hazard  or  annoyance 

*  Guide  iniercepLinn  of  perpetralnr 
J  Utility  nF  protection 
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Options  for  Laser  Warning 
Sensor  Deployment 


•  At  or  near  the  target 

•  ln-cockpr. 

•  On-person 

•  Integrated  into  vehicWaircraft 

•  Away  from  the  target 

•  Ground  or  tower-based 

•  Neighboring  vehide/aircraft 

■  Additional  factors: 

•  Hxed  location  vs  portable 

-  "le'liercd'  to  powetf  network  vs.  staivd- 
atoiw 

•  user-of>craieti  vs.  autonomous 

-  Warning  us.  recording  (or  tjo(h) 
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Different  Laser  Technologies 
Pose  Different  Threats! 


ss 


Commercially  Available  Lasers 
and  Typical  Exposures 


-  ANSf  Standard  MPE 
calculation  dapendanctas 

»  Wavelength 

■  Pulsewldth 

-  PRF 

*  Exposure  duration 

■  bottom  Une 

■  Damage  is  much 
easier  to  achieve  With 
pulsed  lasers 

■  Visible  lasers  are  a 
rrore  serious  threat 
than  naaMR 


Wicked  Lasers,  Inc.  (-$3K) 

■  3fltl  mW,  ff.5  mad,  53?  nin 
*  tSidG^Wcm*  31  3  tom 

Weil  below  eye  hazard  level  but 
very  high  psychological  Impact 

Higher  power  lasers  (10W) 

available  commercially  as  well 

Quartfel  Brilliant  B  (-S35K) 

■  -1  Jfpulse.  7  ps,  nsad  civ 

■  km  nominal  qoj  Id  r  hnaard 

[flEtBPCB 
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How  Should  Laser  Warning 
Effectiveness  be  Evaluated? 


■  Provide  technical  parameters  the?  are  relevant  to  the  requirement 

-  Fa  r  example,  to  be  useful  for  medical  pu  rppaes,  sensors  must  ra  port 
wavelength,  amplitude,  pulse  choradcrtefics 

■  Many  existing  LWR  receivers  do  not  delect  cw  radiation  or  characterize 

afflJiEH  neriflftded  for  piEullcaL  nnrt  pmlHctinn  purpnitHEi 

■  Some  curranl  laser  sensors  on ly  d elect  at  h azardou s  levels 

-  Field  Iftfrts  show  OptftfOf*  wtflnl  nelecfion  Ihreshfilds  <1.01X11*  MpF 

-  Donl  be  fooled  by  ergument  lhal  below  hazard  pus  exposures  should  be 
Ignored 


Worthy  questions  that  a  LWR  should  help  to  answer: 

■  VYhpl  pre  t^n  IhurIs  rtf  current  EKpfisufiiFi^ 

-  Are  the  exposures  and  techniques  uhenslhp  Over  lime? 

*  Is  there  anything  nnl  vtsihtF  hut  pnierl  tally  hH7Rrrirajs  burletf  hi  MifrosLirfisZ 

■  Dn  I  hpVH  thfl  righl  Fyewea#  if  nFnrted? 


How  is  Data  from  Laser 
Warning  Systems  Utilized? 


Provide  immediate  warning  to  aipbraw 
upon  hazard  condition 

Provides  specific  instruction  on 
corrective  action  (e.g.f  deploy 
eyewear,  and  what  type} 

Records  detailed  event  characteristics 
data  for  later  Analyses 


WttlJLF.g  Mu'S  ttocotiKMH tilod 

C&XtlmtatMirQ 
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Personnel  Protection  Sensor 


SS/ _ 

SENSING  STRATEGIES,  INC. 


Performance  Characterization 


Description 


■  Designed  to  warn  users  about 
potentially  hazardous  short-pulse 
lasers 

•  Sensor  warns  user,  reports/records 
level  of  exposure,  and  indicates 
effectiveness  of  laser  eyewear 


■  Rechargeable  battery;  >7  hours  operation 

■  <1  lb 


Technical  Specifications 
•  Spectral  range  =  400-11 00  nm 
■  Field  of  view  =  110° 


Data  Products 

■  Warning  messages:  'Vulnerable'1, 
"Danger",  and  “Use  Countermeasure" 
(real  time  display) 

■  Retrieved  file  contains  GPS  time  and 
position  where  events  occurred,  and 
event  characterization 

■  In-band  orout-of  band 

■  Laser  PR F  and  brightness 


Colored  regions  indicate 
wide  dynamic  range  of 
sensor  operation 

Performance  measured 
using  a  wavelength- 
tunable  short-pulse  laser 
(OPO)  over  a  wide  range 
of  fluen  ces 

Green  line  is  MPE 

Report  lasers  before  they 
reach  a  hazard  level 
(indicates  "vulnerable" 
rather  than  "hazard") 

Low  level  indication  also 
reported  (cyan  region) to 
support  situational 
awareness 


! 


PPS  Porfcvmnnco  Mwaturamant  (S/N  002) 
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SENSING  STRATEGIES,  IN(  . 


PPS  Lab  Demo:  In-Band  and 
Out-of-Band  Threats 


lihwmiifiiiimTffia 


PPS  Sensor  Loan  To  71  RQS 

(Moody  AFB) 


Two  PPS  sensors  loaned  to  Moody 


( 

1  ^ 

• 

AFB  personnel  (Captain  Lammens) 

•  0  btai  n  o  perator  feed  back  o  n 
functional  and  performance 
characteristics 

■  Flight  sorties  carried  out  but  no  laser 
detections  occurred  (as  expected) 

•  Some  false  positives  on  runway  near 
radar 

[r 

'  S 

fr' 

•  SSI  working  to  design  package  mods 
to  reduce  susceptibility 

S: 

/ 

:  1 

■  SSI  suggested  use  of  PPS  to 

J 

measure  potential  eye  hazards  near 

•* 

laser  designator  boresight  target 
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PPS  Sensor  use  in  Range 
Safety  Application 


ss / _ 

SENSING  STRATEGIES,  INC. 


Target  splash  test  -  26  May  ‘11 


■  PPS  sensors  positioned  to  detect  reflections  from  designator  target 
board 

■  Sensor  readings  indicate  LEP  should  be  used  in  target  vicinity 
(they  aren't) 

■  Additional  concern  for  specular  refections 

■  Sensors  also  deployed  to  look  for  "overshoots'1;  none  seen  on  5/28 


SS / _ 

SENSINC.  STRATEGIES,  INC  . 


Moody  Deployment  Summery 


■  Useful  experience  gained  in  sensor  operation  by  flight  crews 
*  Expect  debrief  of  Moody  personnel  in  August/September  time 
frame 


■  Useful  data  collected  on  target  splash  in  active  area  of 
USAFRICOM 


■  Will  write  data  summary  report  to  explain  utility  of  activity 


Multi-threat  Laser  Warning 

MS 


Description 

■  Des  ig  ned  to  p  no vid  e  broad 
(coverage  of  multiple  t/pes  of  lasers 

■  Detect,  characterize,  and  record 
CW  and  pulsed  lasers  at  tactically 
relevant  ranges 

•  For  use  in  ground-based  or 
airborne  platforms 


•  User  operated  or  stand-alone 
■  Option  for  networkablllty 


Technical  Specifications 

■  Spectral  range  =  400-1700  nm 

■  Field  of  view  =  120* 

■  Pulsed  and  CW  lasers 

•  Multiple  lasers  simultaneously  (laser 
cocktails) 

•  Can  cue  countermeasures  or  high 
resolution  imager 


Data  Products 

•  Calibrated  amplitude  (power/energy 
density),  wavelength,  angle  of  arrival, 
temporal  properties  (short  pulse 
indication,  PRF) 

•  All  data  stamped  with  GPS  time  and 
position 

•  Can  independently  characterize 
simultaneous  events 
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Sensor  Performance  Good  for 
DOD/LE/Commarcial  Problems 


Threat  charoetifljiHltin  luama 

■  SSI  [utfitirtuiicu  eIiuwu  qpurdtors  wuril 
Jalbdiun^aleitriQ:  <tl  very  IGW  madams 
leyola 

•  PrrrbiflTM  RpaCa  £fiariA  liuflo  dynamic  mn^fi- 

■  Sftn  hJlafcnn  rti^ksE.  C  W I  h  Mrs  appear 
pvil-K-u-'l  (imfmrlHril  sriluly  dislinclianl 


FAA 

Cat*  Borin 

i«t  i 

iiuini  r 

1 

Genuine  Flight 

It*  r 

^  It* 

r 

CrttirjJ  Fliqftt 
ftmli  ■*- _ > 

i  " 

J  u*  - 

I 

|  lift-  - 
4  IKir  - 

Allir|r^|>f>  1  ■ 

VIUI>U 

L 

l  no«r  rwi 

2ba*  » 

11*  L 

1 _ 1 

SSI  Son-eor  Data  Product t 

Irru-diuriGO  iW/trrH'l  andi'cr  Hutjncu 
Wan*}  ^(^panrtft  an  wince  type) 
Vtavetangth 

PulHa  rOpOBbiOfi  InoCfu&ncy 
CPS  location  and  liinu^taulp  on  llrlfi 
Rdal-liinia  faedbadifa  ising 
t>nla  flies  stored  tor  analysis 


M2A  Lab  Testing  Example 


Eye  sore  CW  green  {532  run)  laser  (-  10Q  pW/cnr’} 

Sensor  scanned  in  two  dimensitwis  wflhi  dark  background 

Angle  of  incidence  is  reported  in  real  lime:  reported  angle  {dark  blue)  vs. 
ground  1 1  utii  {lighl  green)  is  aliuwn  in  Hie  plot 
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Sample  Data  Products  from 
Flight  Test 


Cursor  on  Target  Demo: 
Teaming  with  AF-A3 


Technical  Approach 


Objective  of  Test/Demonstration 

■  Collect  laser  data  and  send 
live  over  radio  link  into  CoT 
system 

■  Data  goes  to  operators  on 
Falcon  View  and  to  medical 
personnel  at  MOCC 

■  Data  linked  to  other  users 
from  MOCC 


Define  data  fields  for  dissemination 
and  produce  CoT  compatible  format 
Modify  Geolocation  sensor  prototype 
Contract  with  naval  Post  Graduate 
School  (NFS) 

NPS-owned  CoT  surrogate  network 


CoT  Data  Products 


Pulsed  Lasers 

♦  Exposure  relative  to 
MPE 

♦  PRF 

♦  Eye  safe  RF 
CW  Lasers 

♦  Wavelength 

♦  Amplitude 
Time  of  event 
Location  of  sensor 
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CoT  Demonstration  Impact 
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Off-Axis  Detection 
Investigation 


■  CoT  may  be  the  best  way  to  move  data  quickly  in-theater 

■  Good  demonstration  could  lead  to  incorporation  of  CoT  in  other 
SGR  delivered  hardware 

■  There  will  be  a  need  to  coordinate  with  operators  and  data  users  for 
more  complete  CoT  laser  threat  definition 

■  Participate  in  CoT  working  group  to  establish  standards 


Off-axis  scatter  mechanisms  can  be 
used  to  detect  lasers  when  someone 
else  is  the  target 

Signals  many  orders  of  magnitude 
weaker 


Sensor  design  is  different  (larger  optics 
and  narrower  FOVs) 

Demonstrations  carried  out  under  SSI 
SBIR  Phase  II  contract 

•  Pulsed  designators 

*  High  power  CW 


Aerosol  Scatter 

\ 


^  4 

Port  — 

Scatter 
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Off-Axis  Detection 
Applications 
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AF/SGR  Off-Axis 
Detection  Opportunity 


■  Range  Safety  (LOHAZ) 

•  Alert  range  safety  officer  if 
beam  leaves  safe  corridor 

»  Provide  total  energy  budget 
management  to  prove  tests 
were  conducted  safely 

■  Force  Protection  (Laser  Sentry) 

•  Detect  lasers  being  used  to 
target  friendly  forces 

•  Forward  deployed  airbases, 
convoys 


AF/SGR  providing  $40K  for  Eglin  AFB  to  run  one  week  test  for  on  and  off- 
axis  laser  detection 

Eglin  AFB  will  provide  test  range  with  forward  airbase  mock-up 
AATC  will  provide  one  Special  Ops  Forces  Laser  Aided  Marker 

Test  Objectives 

•  Simulate  force  protection  mission  on  test  area 

•  “Optical  fence”  monitoring  of  pulsed  laser  testing 

Expected  outcome 

•  Demonstration  of  sensor  concept  for  im  proving  safe  range  operations  and 
extended  area  laser  threat  monitoring 

•  SBIR  Phase  3  a  contractual  option  if  building  a  deployable  prototype  for  field 
demonstration  (CENTCOM)  is  desired 
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Summary 


■  SGR  has  successfully  developed  sensors  suitable  for  characterizing  laser- 
radiation  sources 

■  SGR  continues  to  coordinate  with  operators  to  get  prototype  hardware 
fielded  for  user-feedback  and  lessons  learned 

•  Range  safety 

•  Battlefield 

■  Data  management  and  dissemination  remains  key  topic  of  interest  so  data 
ends  up  in  the  right  hands/organizations 

■  SGR  will  continue  applying  sensors  to  occupational  health  and  force 
protection  missions 


Contact  Information 


Major  Col  by  Adams 
col  by.  adam  s@pe  ntago  n  .af  .m  i  I 
703-681-6103 

Richard  Preston 

rpreston@sensingstrategies.com 
609-818-9801  x101 
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Gene  Expression  Profile  of  Jurkat  Cells  Exposed  to  High-Power  Terahertz  Radiation 
711  HPW/RHDR 
lLt  Jessica  Grundt 


Terahertz  (THz)  radiation  sources  are  now  being  used  in  a  various  military,  defense,  and  medical  applications. 
Widespread  employment  of  these  new  applications  has  prompted  concerns  regarding  the  potential  health  effects 
associated  with  THz  radiation.  A  source  for  these  concerns  stems  from  results  of  recent  studies  which  provide 
evidence  that  THz  radiation  can  couple  directly  to  biological  macromolecules  (lipids,  DNA,  proteins)  causing 
localized  effects  affecting  gene  transcriptional  processes.  In  this  work,  we  hypothesized  that  if  THz  radiation 
does  cause  direct  damage  to  biological  macromolecules,  then  THz-exposed  cells  may  express  a  specific  gene 
expression  profile  indicative  of  this  unique  damage.  To  test  this  hypothesis,  Jurkat  cells  were  irradiated  with  a 
molecular  gas  THz  laser  (2.52  THz,  636  mWcm-2,  durations:  5,  10,  20,  30,  40,  or  50  min).  Cellular  viability 
was  assessed  24  h  post-exposure  using  conventional  MTT  assays,  and  gene  expression  profiles  were  evaluated  4 
h  post-exposure  using  mRNA  microarrays  gene  chips.  Comparable  analyses  were  also  performed  for 
hyperthermic  (bulk  heated)  positive  controls  (44°C  for  40  min).  We  found  that  many  of  the  genes  that  were 
upregulated  in  the  THz-exposed  samples  were  also  expressed  in  the  thermal  controls;  however,  several  genes 
were  only  expressed  in  the  THz  exposure  group.  Interestingly,  these  target  genes  are  known  to  function  in  the 
regulation  of  cellular  proliferation,  membrane  repair,  and  transcriptional  processes.  These  results  suggest  that 
THz  radiation  may  couple  to  biological  macromolecules  resulting  in  direct  effects,  which  do  not  appear  to  be 
fully  attributable  the  temperature  rise  generated  during  exposures  (i.e.  conventional  thermal  effects). 
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Talk  Outline 


*  Terahertz  Introduction 


GENE  EXPRESSION  PROFILE  OF 
JURKAT  CELLS  EXPOSED  TO  HIGH- 
POWER  TERAHERTZ  RADIATION 

3  Aug  2011 


1st  Lt  Jessica  E.  Grundt 

Directed  Energy  Bfoeffects  Division 
Air  Force  Research  Laboratory 


*  Motivation  for  THz  Bioeffects  Research 

*  Recent  Experiment 

*  Results 

*  Summary  and  Impact 

*  Acknowledgements/Questions 
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Terahertz  (THz)  Introduction 
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THz  Applications  that  Exploit  These 
Unique  Properties 
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Electromagnetic  spectrum 
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Military,  Security,  &  Defense 
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Medicine:  Cancer  &  Burn  Diagnosis 


I  D lip  to  a  lack  erf  available  technologies,  historically,  dubbeid  the  “THi&ap" 
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Motivation  for  Carrying  Out  Our  THz 
Bioeffects  Studies 


©  v 


Our  Approach 


1.  Not  well  characterized;  *  40  THz  bioeffects  studies  conducted  to  date 

Paldiamov  cl  at.  DIMS  1998.  13  years  ago  >  308  aL  mniwavc  frequencies 
WilminJc  GJ  el  a!.  Incited  Review  Article,  lnt  J  THz. 

2.  Karcnstein-llancf  at.  (20I>H).  Radiation  Research, 


“TprahPrt?  Radiation  IncrPasp'i  Gpm>mic  Instability  in  Human  Lymphocyte?" 
Ti-0  radiation  inrtoceH  morphological  changes  enrticaTlvp  of  gpnomio  instability. 

3.  Alexandrov  et  ai  Physics  Letters  A, 

■“DftjA  Brea  ill  injj  Dynamics  in  die  hfietiteofdlh-Jiiertt  Huh!" 

TH?  radiation  mayrnsonarp  with  natural  hceattiing  mndnef  double  Fnrandnd 


4.  Most  importantly ->  The  Air  Forte  Surgeon  General  told  us  to 

■ 


Air  Force 
Surgeon  General 


I  Project  goal;  Characterize  the  response  of  human  dermal  fibroblasts 

exposed  to  THz  radiation,  heat,  and  genotnxit  stress 


Expose  Jurkat  cel  is  to  2,52  THz  radiation  or  bj'*c  heating 
empirical  and  computational  dosimetry 


®  MTT  viability  assays 

(4j  Micros  r  ray  geme  chips  { mRN A  fr  m  furuRNA)  to 
identify  signature  gone  eapressiciTi  salterns 


Compare  and  contrast  gene  data 
Bioin  forma  Lies 

■  Identify  putative  bio  makers  and  pathways 
*  Location  of  functional  activity  of  biomarkers 
{I,b.h  nucleus,  lipid  membrane,  cytosol) 


® 


Vai-date  exor'ettion  of  key  genes  using  q  PC  ft 


Affymutri  x  Chip 

-  HG-U  133  Flu?  2.0 

-  54,576  genp*. 


m 


CO  lma9e  of  our  custom  temperature 
controlled  exposure  enclosure  system 
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V® 


Empirical  and  Computational 
Dosimetric  Data  Both  Show  AT  =  6  °C 


(A)  y'aial,itV  shows  that  THi*  and  bulk  heated 
w*#  cells  exhibit  coin  parable  levels  of  survivability 


Vf4>  Microarray  data  for  THz-irradiated  Microarray  data  for  bulk  heated 

w  Jurkat  cells  ^  W  Jurkat  cells  V 
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VQ  Differential  expression  is  comparable 
for  many  genes 


p  v® 


5  )  Comparison  of  gene  expression  profiles  for 
each  exposure  group 
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V 


qPCR  Validation  data  is  consistent 
^  with  micro  array  data 


Molecul  ar  ch  aper  o  nes  Tra  nsc  ript  i  on  mg  ulato  rs 


in  <lPCR  Validation  data  is  consistent 

^  with  microarray  data 


G  ro  wth  Cy  to  ki  n  e  b  M  eta  bo  I  i  srn 

arrest 


0.1 


GADmSB  tut  ILS  APOE 
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V  Summary  and  future  directions  P 


Summary 

1.  in  general  human  Jurkat  cells  launch  similar  transcriptional  gene 
expression  profiles  when  exposed  to  THz  radiation  or  bulk  heat 

2,  However,  several  biomarkers  appear  to  be  only  expressed  in  T Hz- 
exposed  samples 

*  Interesting  these  genes  encode  for  cytokines  and  proteins 
responsible  for  maintenance  of  plasma  membrane  properties 


Future  directions 

■  Investigate  varying: 

■  Cell  lines 

■  Frequencies 

■  Pulsed  vs  CW 


ij.ien^uffbfi  Appirwhdi^r 
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Department  of  Defense  Biological  Threat  Responses  to  the  2009-2010  H1N1  Influenza  Outbreak 

AF/A5XP 

Ms.  Calli  Levin 


Beginning  in  April  2009  with  the  outbreak  and  rapid  spread  of  the  H IN  1  “swine  flu,”  the  world  witnessed  the 
potential  effects  of  a  bioterrorist  attack.  While  the  2009-2010  H1N1  pandemic  was  a  naturally-occurring 
disease  outbreak  and  not  a  deliberate  attack,  the  symptoms,  infection  rates  and  response  mechanisms  associated 
with  the  virus  could  be  similar  to  the  impacts  of  a  deliberate  biological  agent  attack.  Unlike  nuclear  or  chemical 
weapons  that  have  clearly  identifiable  signatures,  biological  agents  may  be  disseminated  covertly,  and  therefore 
they  may  not  be  identified  immediately.  The  first  indication  of  a  biological  event  could  be  more  numerous-than- 
expected  hospital  visits  in  a  particular  location  (e.g.  a  military  installation),  or  in  a  group  of  people  who  were  in 
the  same  location  at  the  same  time  (e.g.  basic  combat  training).  Force  health  protection  planners  will  be  better 
positioned  to  respond  to  future  biological  events  using  experience  gained  during  the  H1N1  pandemic.  It 
provided  the  Department  of  Defense  an  opportunity  to  exercise  disease  containment  planning  measures  and 
address  biological  warfare  response  mechanisms.  Seventy- five  percent  of  H1N1  infections  worldwide  involved 
those  under  30  years  of  age — a  significant  statistic  for  the  DoD  as  more  than  66  percent  of  active  duty  military 
personnel  are  within  that  age  bracket.  The  H1N1  outbreak  prompted  the  DoD  to  implement  a  range  of  force 
health  protection  measures,  focusing  on  social  distancing  efforts  called  for  in  USNORTHCOM  CONPLAN 
3551,  and  on  vaccination  campaigns.  This  presentation  will  address  the  protective  measures  implemented  by 
the  DoD  and  will  present  key  lessons  learned. 
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Headquarters  U.S.  Air  Force 

Integrity  -  Service  -  Excellence 


DoD  Responses  to  the  2009-2010  H1N1 
Influenza  Outbreak 


Ms.  Calli  Levin 
AF/A5XP 
3  Aug  2011 


U.S.  AIRFORCE 


Agenda 


The  Biological  Threat  Environment 
Why  Pandemic  Influenza  Matters  to  DoD 
DoD  Responses  to  H1N1 
Lessons  Learned/Best  Practices 


U.S.  AIR  FORCE 


Integrity  -  Service  -  Excellence 


The  Biological  Threat 


U.S.  AIR  FORCE 


“One  of  our  Greatest  Concerns 
continues  to  be  that  a  terrorist  group  or 
other  dangerous  group  might  acquire 
and  employ  biological  agents. ..to 
create  casualties  greater  than 
September  11.” 


Former  Director  of  National  Intelligence 
Michael  McConnell 


m 


Integrity  -  Service  -  Excellence 


U.S.  AIRFORCE 


Why  PI  Matters  to  DoD 

m 


■  Services  are  required  to  respond  to  and  mitigate  bio  events  of 
operational  significance  whether  naturally  occurring  or  deliberate 

■  A5XP  is  OPR  for  AF  Disease  Containment  Planning 

■  AF  Medical  career  fields  will  implement  plans 

■  Many  bio  threat  responses — especially  medical  responses — will 
besimilar  in  natural  and  deliberate  outbreaks 

■  Unlike  chemical  or  nuclear  threats,  no  clear  bio  signature 

■  Outbreak  will  have  same  or  greater  effect  on  employee 
absenteeism,  school  and  work  closures,  distribution  of 
medical/nonmedical  countermeasures,  mortality  rates 

■  Bio  event  may  have  major  effect  on  mission  continuation 


H1N1  provided  DoD  opportunity  to  exercise  bio-threat  responses 


Integrity  -  Service  -  Excellence 
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ut<im»owci 


Why  PI  Matters  to  DoD  (2/2) 


tl  *  »IH»OltCI 


H1N1  2009  Timeline 


Spanish  Flu  Deaths  by 


Average  Age  by  Service 
(2008) 
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■  Killed  between  20-50  million  people 


■  Killed  more  US  Servicemen  than  WWI 


■  Infected  25  percent  of  the  US  population 

Integrity  -  Service  -  Excellence 


MINI  Mntan  by  Mi  Wan*  (Mvc*  mat  Mjqrt 


April  26:  First  cases  reported  in  Mexico,  US 
April  27:  73  cases  in  four  courtnes 

April  29;  World  Health  Organization  (WHO)  declares  Phase  5  Outbreak 
(human  to  human  spread  within  one  region) 

June  11 :  17,400  cases  in  62  countries;  WHO  declares  Phase  6  Global  Outbreak 


Integrity  -  Service  -  Excellence 


u.a.Aiw  rower 


Non-Medical 
Response  Measures 


Medical 
Response  Measures 


■  Social  distancing 

■  Travel  restrictions 

■  AF  public  affairs  health  campaigns 

■  Stay  at  home  when  sick 

■  Cover  mouth  when  coughing 

■  Wash  hands  regularly 

■  Alternate  work  schedules/telework 

■  C-BW  exercises 


■  Updating  disease  containment  plans 

■  Operational  risk  management 


■  Anti-viral  drug  stockpile  and  usage 

■  Relenza,  Tamiflu  stockpiled  at  medical  treatment  facilities 

■  Vaccine  procurement  and  distribution 

■  Research  and  development 

■  Prioritization 

■  Immunization  Campaign 

■  H1N1  Reporting 

■  USNORTHCOM  CONPLAN  3551 

■  Phases  0/1  -  Monthly  reporting 

■  Includes  impact  on  medical  facilities,  services,  resources 


^  — 

w 


1  ti  t  c  jE  r  i  |  y  -  Serf  i  £  t  -  Ex  t  e 1 1 e  n  tr 


In  teg  ri  I  >  -  Service  -  Excellent'  e 
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H1N1  Vaccine  Timeline:  2009 


H1N1  Lessons  Learned 


U.&.  AIR  FORCE 

OCTOBER  2009 

*  First  1.4M  doses  delivered 

•  Do D  orders  additional  1 M  doses  for 
government  civilians  and  military 
dependents 

SEPTEMBER  2009 

President  allocates  $2.7B  to 
immunization  campaigns 


\ 


AUGUST  2009 

DoD  purchases 2. 7M 
doses  of  HI  N1  vaccine 


JUNE  2009 

HHS  allocates  additional  $1B 
to  vaccine  R&D 


MAY  2009 


HHS  allocates  $1 B  to  vaccine  R&D 


U.S.  AIR  FORCE 

■  PI  policy  guidance  during  outbreak  confusing,  not  aligned 

■  USNORTHCOM,  DoD,  World  Health  Organization  all  different 

■  No  cutoff  mechanism  for  CONPLAN  3551  reporting 

■  No  Disease  Containment  Plan  for  Headquarters  AF 

■  Anti -viral  stockpile  difficulties 

■  Lack  of  Memorandum  of  Understanding  with  state 

■  Unaware  of  how  to  request  Tamiflu  if  not  part  of  formulary 

■  Travel  restrictions  not  standardized  across  AF  or  DoD 

■  Personnel  accountability  systems  not  equipped  for  lengthy 
event-  current  systems  require  one  report/ event;  cannot  update 

■  Employees  unable  to  telework  as  planned-  lack  of  policies, 
equipment,  and  software  knowledge  hampered  employee  access 


Integrity  -  Service  -  Excellence 


H1N1  Best  Practices 


U.S.  AIR  FORCE 


Additional  Observations 


■  Early  detection/surveillance 

■  Vaccination  program 

■  Public  Affairs  health  campaign 

■  Prior  disease  containment  planning 


Immunization  Covernee  (Mar  to) 


(Active?  Component) 

toD-AH* 

ARMY 

MARINES* 

NAVY* 

COASTGUARD 

AIRFORCE 

Seasonal  Vaccine 

93% 

93% 

86% 

86% 

97% 

97% 

Pandemic  Vaccine 

84% 

88% 

77% 

76% 

92% 

9C%W 

'iJxl&tzuniAi^s  de tp tfirs  too  in  tsponing systan 

Integrity  -  Service  -  Excellence 


■  DoD  responses  to  H1N1  were  successful 

■  Limited  operational  impact 

■  Few  military  deaths  relative  to  civilian  population 

■  PI  guidance  practiced/validated 

■  Hundreds  of  lessons  learned  input  into  DoD  sites — major  items 
being  addressed  through  working  groups,  task  forces 

■  PI  policy  guidance 

■  Stockpile  issues 

■  Telework  limitations 


What  did  YOU  experience  during  H1N1 7 


Integrity  -  Service  -  Excellence 
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U-S  AIR  FORCE 


QUESTIONS? 


Ms.  Calli  Levin 
AF/A5XP 

Calli.Levin@pentagon.af.mil 

703-695-3029 


Integrity  -  Service  -  Excellence 
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Expanding  Surge  Capacity  in  Airborne  Isolation  &  Worker  Protection  During  Bioterrorism  &  Epidemic 
Response 

U.S.  Public  Health  Service 
CDC  -  NIOSH 
CAPT  Kenneth  Mead 


Shortages  in  airborne  infection  isolation  capacity  are  well  documented  within  the  U.S.  healthcare  system. 
During  an  airborne  infectious  epidemic,  non-traditional  healthcare  environments  such  as  field  medical  shelters, 
social  service  facilities,  nursing  homes,  and  quarantine  stations,  could  also  require  emergency  airborne  isolation 
capacity.  An  affordable  method  for  expedient  airborne  infection  isolation  is  required  to  meet  emergency  surge 
requirements.  The  research  discussed  in  this  presentation  began  as  an  investigation  of  expedient  methods  to 
establish  airborne  infection  isolation  within  conventional,  non-isolation  hospital  rooms  using  portable  filtration 
units  and  common  hardware  supplies.  The  research  focused  enhanced  scrutiny  on  concentration  reduction  and 
worker  protection,  rather  than  focusing  solely  upon  containment  strategies.  For  the  field  studies,  two  airborne 
isolation  configurations  were  evaluated  within  each  of  four  Midwestern  hospitals.  Results  revealed  the 
expedient  airborne  isolation  configurations  were  successful  at  airborne  containment  while  also  providing 
significant  reductions  in  potential  worker  exposures.  Concentration  reduction  ratios  were  98-99  percent  or 
greater,  resulting  in  workplace  protectionfactors  several  times  greater  than  that  assigned  for  N95  respirators. 
Subsequent  research  has  expanded  the  concepts  to  medical  shelters  and  other  alternative-care  environments  and 
has  begun  to  investigate  adaptations  for  ambulance  interiors.  One  application  even  operates  off-the-grid  in 
austere  environments.  The  ability  to  keep  response  workers  healthy  should  be  a  paramount  consideration  when 
managing  an  emergency  response  operation.  When  combined  with  the  requirement  for  isolating  infectious 
patients  to  avoid  further  disease  propagation,  the  findings  of  this  research  effort  could  have  important 
implications  upon  U.S.  healthcare  emergency  planning  policies. 
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Expanding  Surge  Capacity  in 
Airborne  Isolation  &  Worker 
Protection  During  Bioterrorism 
&  Epidemic  Response 


CAPT  Kenneth  R.  Mead,  PhD.,  P  i. 
Centers  for  Disease  Control  and  Prove  nlion 
National  Institute  for  Occupational  Safely  &  Health 
Cincinnati,  OH 


ITiosh 
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Isolation  as  a  Control  Measure 


Expedient  Airborne  Isolation  for  Healthcare 
Facilities  During  Emergency  Epidemic  Response 

Purpose:  To  ID  Si  evaluate  effective 
parameters  for  patient  isolation  and 
healthcare  worker  protection  to  meet 
airborne  isolation  surge  requirements  during 
b  iot  error  ism  or  epidemic  emergency  events: 

Basically  looking  for  a  cheap,  easy,  yet 
effective  method  for  reducing  potential 
exposures  to  healthcare  workers . 


Disclaimers 

*  The  findings  and  conclusions  in  this 
presentation  are  those  of  the  author  and 
do  not  necessarily  represent  the  views  of 
the  Centers  for  Disease  Control  and 
Prevention  or  the  National  Institute  for 
Occupational  Safety  and  Health " 

*  “Mention  of  company  names  or  products 
does  not  constitute  endorsement  by 
NIOSH" 
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Recent  Events  &  Concerns 

•  Multidrug-resistant  tuberculosis  (MDR-TB) 

*  Bioterrorism  (Smallpox,  Plague...) 

•  SARS 

*  Extensively  drug  resistant  TB  (XDR-TB) 

*  Monkeypox 

•  H5N1 

*  H1N1 

*  Extremely  Drug  Resistant  TB  (XXDR-TB) 

•  MRSA,  C.  Dif . 

•  ??? 


Engineered  Airborne  Infection  Isolation 
(All)  Design  Summary* 

*  Dedicated  single- patient  room 

*  At  least  1 2  air  changes  per  hou  r  (ACH)  of  total 
ventilation  (new  construction),  including  a 
minimum  2  ACH  outside  air 

-  Maintained  at  negative  pressure  relative  to 
adjacent  areas  (minimum  delta  P  of  0.01  inches 
water  gauge  or  2.5  Pa)  with  seams  &  penetrations 
sealed 

“  All  air  exhausted  to  outdoors,  unless  HEPA-filtered 
and  returned  to  dedicated  HVAC  system 

*  Design  Guide  Sources:  CDC.ASHRAE,  FGI 


The  Problem 

*  Almost  40%  of  U  S.  hospitals  tack  an  engineered 
All  room.  (AHA,  2006) 

*  Large  hospitals  typically  have  a  few  AliR's  and 
small  hospitals  may  have  1 , 

-  Essentially  NO  engineered  surge  capacity  in  case 
of  epidemic  (natural  or  intentional) 

*  Non-hospital  medical,  social  service  facilities,  and 
health  departments  generally  lack  isolation 
capabilities 

-  Cost  ~  $30K-$40K  per  room  to  construct 


Example:  Limited  Surge 
Capacity 

*  Nevada  Hospital  Association 

-  State  Survey  (2006) 

-  216  All  beds  plus  91  bed  surge  capacity 

-  307  'available”  All  beds  to  serve  roughly  2.5 
million  residents  plus  an  average  of  over  4 
million  visitors/month 
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Response  Options: 

Aren't  Always  Worker-Friendly 
Patient  transfer 

Big-area  iso  (hot)  zones  with  patient 
cohorting 

Respirators  and  surgical  masks  and 
traditional  patient  rooms 

Traditional  patient  room  +  Portable  HEPA 
units  to  get  6-12  ACH  of  dilution  filtration 


Limitations  of  Dilution 

*  Poor  room  air  mixing  adversely  impacts  removal 
efficiency 

*  The  airborne  pathogen  circulates  throughout  the 
room 

-  All  occupants  exposed  to  "same "  concen  tration 

-  Increased  distribution  of  surface  contamination 
fncmasod  risk  of  contaminant  migration  out  of  the  mom 

*  Shouldn't  be  used  when  worker  BZ  is  dose  to 
source 

*  Portable  filtration  -  little  guidance  on  how  to  deploy 


Dilution  Wait  Times  for  Desired  Removal  Efficiency 


ACH 

MisulL-E  Ri'tiuLTL'd  fur  tbr  DiiinriJ  Rviuuv.il  EHil'iliiipj 
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35 

Assuming  the  aerosol  source  is  stopped  and  a  good 
dilution  ventilation  design  {K=3}3  it  will  take  69 
minutes  (3  x  23)  to  achieve  a  90%  dilution  of  airborne 
aerosol  (90%  reduction  -  protection  factor  of  10)  or 
138  min  for  the  "standard"  99%  reduction. 

Hu  f.an  be  assunaEd  for  .1  room  with  li  %  ACH  and  gocrd  air  movement.  I. 

Hierarchy  of  Controls 

ranks  actions  by  their  likely  effectiveness 
Listed  in  order  of  preference: 

*  Elimination  -  eliminates  the  source  of  the  exposure 

-  Engineering  Controls  uses  eng i neeri n g  a pp roaches  to 
contain  source  and  reduce  exposures  below  harmful  levels 

-  Ad m i  n ist rativ e  Co ntrols  Uses  administrative  directives 
regarding  work  practice,  shift  rotations  and  prophylaxis  to 
limit  opportunities  for  possible  harmful  exposures 

*  Personal  Protective  Equipment  -  Wearing  gloves,  gowns, 
masks,  respirators  and  other  PPE  appropriate  for  the  hazard 

Comment:  When  it  comes  to  hands-on  health  care  and  an 
airborne  infectious  disease  for  which  there  is  not  a  vaccine, 
the  traditional  approach  has  been  to  switch  immediately  to 
PPE  Controls. 
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Research  Scenarios 

*  Used  portable  HEPA  filtration  units  like 
those  already  found  in  health  care  facilities 
to  identify  expedient  alternative 
approaches  to  provide  airborne  isolation 


Alternative  Approaches 

*  Reduce  volume  of  contaminated  zone 
(a.k.a,  Zone-Within-Zone) 

-  Effectively  increases  ACH  w/in  inner  zone 


Alternative  Approaches 


*  Use  local  control 
techniques  (a.k.a 
Ventilated  Headboard 
w/Canopy) 

-  Captures  and  removes 
contaminant  before  it 
has  a  chance  to 
disperse. 

-  Reduces  the  required 
time  for  the  overall 
room  to  achieve  a 
desired  removal 
efficiency. 


Qualitative  Smoke  Tests 


“Scientific"  hand¬ 
held  smoke 
generator 


Educational  'toy’' 
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Source  (Aerosol)  Generation 


Medical  Nebulizer 


Aerosol  Generation/Measurement 


Field  Methodology 


The  research  was  performed  in  multiple 
healthcare  settings  not  currently  engineered  for 
airborne  infectious  isolation. 

Selected  locations  were  Lwo  urban  hospitals  and  h 

two  smaller,  rural  hospitals  all  within  the  states  of 
Oklahoma  and  Kansas.  u 


Each  facility  received  repetitive  evaluations  of  the 
two  expedient  isolation  design  variations 
previously  identified  in  the  feasibility  study. 


is 


Integris  Baptist  Medical  Center 
Zone- with  in-Zone 
OKC,  OK 


C3  Sample  poslllpns 

■  ifrosing  positions 
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Integris  Baptist  Medical  Center 
Zone-within-Zone 
OKC,  OK 


Rin  955a  2 -Bed:  (ntegris-Baptist  OKC 


-  A  Raliu  of  .99  =  993&  Capture 


rising 


hvhIiihIhcI.  bdli  mau\la  (GIVE?) 
nipwrtuJ 


Zone-within-Zone,  ST  Joseph  Me  mo  rial  Hospital  (SJMH), 
Lamed,  KS 


cwte  s^cy  OKC,  OK 


Ztra ,  CT  Memwav  \&MHV 

VaTTO&t  KC 


cfm 


irlilK.m 

|J  sad's  to  ndjacpnt  sitting  area) 


Sample  positions 


Dnsinrj  ptisilinns 


Exposure  Reduction  Ratios: 

-  A  Ratio  of  .99  =  39%  Cap:urrc 

-  fwo  intervention  conditions  evaluated, 
both  results  {CVC2)  reported 


Dosing  positions 
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Ventilated  Headboard  (1-Bed) 

ENTEGKIS  Baptist  Medical  Center  (IBMC),  OKC,  OK 


Exposure  Reduction  Ratios; 

-A  Ratio  of  .99  =  99%  Ca  ptLino 

1  fl  -  “Zero'  Exposers 
-I wo  test  conditions  evaluated, 
results  for  both  (C1/C2)  reported 


GMRR.  Summary  (idwer  limits  simullan  wusiy-coiTected  for  u  - 
0.10  in  parentheses  Ventilated  Headboard  fl  3ed)  configuration 


(Sold  Red  font  =  GMRR  <90%) 


Hubjn'kd 

Sample  1 Vf. 

I'AMC 

2.1  3:1 

CXMC 

2:1  3:1 

SJAIR 

2:1  3:1 

jBiur 

2:1  3:1 

;  HCW4UHS 

o .m 
(0,947  0.  979,1 

0.999  0,997 
(0,9%  0,991) 

0.998  0.977 
1.0,996  0.9%) 

0.998  0.998 
(0.990  0.993) 

liCW-LliS 

owl  o m 
(O.m  testy 

0,998  0.99S 
(0.996  0.993) 

0.99S  0.99S 
(0996  $$9T) 

0.999  0.998 
(0.997  0,994) 

I'm  li  ml  rliral 

1.00  |i)fl 
(LOO 

0,967  0.920 
(OJW*  0.724) 

0  99a  0.997 
(0.997  0.995) 

1.00  1.00 
(LOO  1.00) 

Patient  feet 

0  995  0.997 

w.m  am) 

0996  0993 
(0.9S9  9.97-7) 

0.996  0.997 
(0993  0.995) 

0998  0.998 
(0  990  0  993) 

Ce  ITlET  It  UUIII 

0,99?  0,»<l 
(0.9SS  a.%0) 

0.997  0.996 
fO.990  Q.9S5) 

0997  0.99  ft 
(0,995  09M) 

0999  0.997 
(0.994  0.989) 

GMRR  Summary  (lower  limits,  simultaneously-corrected  fcr  a  -  0.10,  ir 
parentheses),  ZoneIV\TthhiIZore  (2 -Bed)  configuration,  Gray  columns  - 
enmer-to -corner  dilution  flow,  White  Col um ns- si do-to-s ido  source  control  flow 


(Wold  Red  font  -  GMRR  <90%) 


Hospitid 

Sample  Fas. 

KtifC 

2:1  2:1 

CKMC 

2.-1  3:1 

SJMH 

2:1  2:1 

IBMC 

2:1  3:1 

HCW-Upstream 

0.04  0.1  S3 

(-4.10  -5.65) 

0.993  0.093 
(0903  0.071) 

S.M1  0  544 
(  -0  5  .16  0  07fi) 

0.099  0993 
(0.986  0.089) 

HCW-Dovm  stream 

-0767  4J.3O0 

m 

092.3  0.993 
(as.) 

0.204  0.641 
(na) 

0.996  0999 
<na) 

Pwliml  L-httl 

m. 

m 

0.761  ],00 

foft) 

0.171  0.701 

m 

0,993  0999 

m 

Patient  feel 

ua 

(**) 

ns 

C“) 

0.147  0,931 
(-O.S25  H.K21} 

0.999  0993 
(0.994  □.901.) 

Outside  Cap  1 

0.998  0.999 
(0991  0,989) 

0993  0.993 
(0904  0.983) 

0.984  0.093 
<p.W8  0.032) 

0.993  0993 
(0.987  0.991) 

CenlL-T  RiMtm 

0.999  0.999 
(0.994  0.991) 

0.999  0.998 
(0906  0.996) 

0.996  0.996 
(0.992  0.992) 

0.996  0996 
(0.970  0.079) 

Ouldde  Cap  1 

9.m  0.997 

(0,058  0.979) 

0000  0.000 
(0.006  D.WS) 

0.988  0.907 
(0.063  0.080) 

0.008  0997 
(0.I3K7  D.981) 

Bed  2 

0.987  0.997 
(0.042  0.0*9) 

0990  0.996 
(0006  0.001) 

0-987  0.001 

(0.071  0.032) 

0.998  0996 
(0.000  0.079) 

NEW  TERM:  Expedient  Isolation 
Protection  Factor  (EIPF) 

*  A  surrogate  measure  of  the  workplace 
protection 

*  Analogous  to  Simulated  Workplace 
Protection  Factor  (SWPF)used  by  NIOSH 
in  respirator  testing 

*  EIPF  can  be  calculated  by: 

EIPF  =  (\-GMRRy]i) 

23 


Sample  positions 
Dos  in  y  positions 
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Expedient  Isolation  Protection  Factors 

(El  PF) 

Zone -with  in -Zone  Configuration 

■  Inner  Zone; 

Corn er-to- Comer:  EIPFs  negligible  or  neg. 
Side-to-Side: 

Upstream:  Mean  EIPF  =  308  (143-1000) 

Dn Stream:  Mean  EIPF  =  48  (14  -  1000) 

■  Outer  Zone:  Mean  EIPF  =  222  (63-1000) 


Expedient  Isolation  Protection  Factors 
(EIPF) 

Ventilated  Headboard  Configuration 

■  GMRRs  =  1 .0  must  be  carried  out  to  true 
value  (<1 )  for  EIPF  formula  to  apply 

■  Across  four  study  sites,  Center  Room  and 
worker  positions: 

Mean  EIPF  =  338*  (77-1000) 

*>3G  times  OSHA’s  N95  PF  of  10 


Why  Is  Healthcare  Worker  (HCW) 
Protection  Important? 


However 


*  Polling:  As  few  as  24  percent  (worse 
case  comb,  of  willingness  and  ability) 
of  greater  New  York  HCW’s  willing  to 
report  to  work  for  an  infectious 
airborne  epidemic  such  as  SARS1. 

-  Fear  regarding  personal  and  family 
safety  were  the  primary  factors. 

•  Results  consistent  with  Israeli  study2. 


*  Predicted  worker 
reporting  increased 
dramatically  if 
personal  safely 
measures  were 
available2!! 


PorcDTit  HCWs  Reporting  To  Work 


42% 

WII  Report  -  Evan  Will  Report  If 
w/n  Special  Safeguards  ans 

Safeguards  Enacted 


References-: 

1 .  Journal  of  Urban  Health:  Bulletin  of  the  New  York  Academy  of  Medicrne. 
2n(15;a2(3):  p  37fl, 

2.  Israel  Medical  Sc lence  Journal  p,  ^D4 
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Polling  Data  vs.  Real  Events 

*  Polling  data  may  be  optimistic 

>  2003  Monkeypox  experience 

-  Symptoms:  Initially  present  as  smallpox 


23 


A  case  of  severe  monkeypox  virus  disease  in  an 
American  child:  emerging  infections  and 
changing  professional  values 

uitiuem;  AKraw»\v.  m  wu  jukwicel,  nr  sth-jtt  \sn 

Jtwum  fliTTtr 

“One  unexpected  complication 
of  the  admission  was  the 
difficulty  in  finding  nurses  and 
physicians  willing  to  care  for  the 
patient.  Many  declined  with  the 
explanation  that  they  had  not 
received  smallpox  vaccine,  and 
others  declined  direct  patient 
contact  without  explanation/' 

34 

Sule  CruUif  P.K.  Curllun  Piki  Intact  put  ,J.  jjJMOga.  1 0  B6.  ?DIU 


Conclusion 

Current  guidance  does  not  adequately  address 
isolation  response  needs  at  the  local  level. 
Shortages  of  isolation  capacity  may  impede  the 
medical  response  to  an  emergency 
Current  trends  in  surge  iso  design  do  not 
sufficiently  address  worker  protection  issues 
Expedient  in-room  isolation  units  employing 
high-flow  HERA  filtration  offer  alternatives  to 
emergency  All  that  are: 

-  Affordable  -  Available 

-Effective  -Simple 
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Current/Future  Activities  - 
continued 

*  CFD  (UC)-AIIR  vs  traditional  patient  room 

*  Medical  Shelters  (multi-beds) 

*  Portable  LEV  for  aerosol-generating 
procedures 

*  Reverse  Isolation  (“Protective  Isolation”) 

*  Ambulance  Ventilation 

■  Ambulance  UVGI  Decon 

*  Hospital  Room  Ventilation 


Contract  with  Univ.,  of  Cincinnati  to  svaluato  and  compara  wnrfcar  (wtposuro  potential 
In  real  AIlH  vs  reguFar  patient  room  using  CFD  modeaing 
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Extruded  Aluminum  Design 


-  C  o  mmerci  ally  Ava  ilab  I  e 

*  Li  g  ht  we  i  g  ht/Stu  rdy 

*  Can  become  part  of 
emergency  response  kit 

*  Adjustable  height  fits 
variety  of  cots  or  beds 

*  Easier  to  Clean/Decon 


41 


Reverse  Isolation  Configuration 


-Recent  testing  inspired 
by  Fukushima  Nuclear 
plant  incident 

-HEPA  airflow  reversed 
to  provide  clean  airflow 
over  patient’s  torso 

♦Front  curtain  creates 
p os-pressure  mini- 
environment 


•Tested  using  aerosol  spectrometers  +  modified  version  of 
respirator  fit- testing  method 

Results:  >  Iso  Class  5  ‘  Protection  Facto r1'  >  15,000  42 


Newest  Development:  Portable  Isolation  Hood 
(Crash-cart  Concept) 


Extruded  Aluminum  Frame 
Locking  wheels 
-Built-In  fantfilter 

Capable  of  battery  operation  (90  minutes) 
Can  operate  off-grid  via  aolartwind  energy 


1.  Engineering  Con:  nuls 
For  Emergency 
Medical  Persornel 

2.  Tracer  lesling  +  CFD 

3.  pun.  UVGI  deno n.? 
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Questions?  CMi 

He  who  cures  a  disease  may  be  the 
skill  fullest ,  but  he  that  prevents  it  is  the 
safest  physician . 

~  Thomas  Fuller  (1608-1861) 

British  Clergyman  and  author 

mVaCII  tfirfYL™/  fruA'tuft  far 
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Update  on  Lab  validation  of  new  bioagent  ID  system:  FilmArray 
60  MDG 

Maj  Carlos  Maldonado 


In  accordance  with  current  (SGROCC  #10000040)  AFMS  needs  for  advanced  molecular  diagnostic  capabilities 
against  infectious  disease  agents,  the  Clinical  Investigation  Facility  (CIF)  at  Travis  AFB,  is  participating  in  a 
multi-center,  limited  labora-  tory  validation  (LLV)  to  assess  both  the  utility  and  reliability  of  a  new  PCR 
platform  in  a  variety  of  military  settings.  Idaho  Technology’s  FilmArray  system  is  a  small  (bread  box-sized) 
PCR-based  instrument  capable  of  simultaneously  detecting  mul-  tiple  biological  agents  from  a  single  clinical 
sample.  This  novel  multiplex  system  also  incorporates  an  initial  sample  purifica-  tion  step  within  the 
instrument  eliminating  the  need  for  other  equipment  and  a  separate  facility.  The  system’s  sample-to-  answer 
turnaround  time  is  approximately  1.25  hrs,  which  is  a  significant  improvement  over  the  3-4  hours  it  takes  for  the 
currently  fielded  JBAIDS  system.  This  study  is  sponsored  by  the  AFMSA  Research  and  Development 
Innovations  (AFMSA/  SG9)  office  and  Idaho  Technology  Inc.  Learning  Objectives: 

Objective  1.  List  the  current  force  health  protection  requirements  of  different  MAJCOMs. 

Objective  2.  Discuss  how  the  43 T  clinical  R&D  is  working  to  meet  those  force  health  protection  requirements. 

Objective  3.  Discuss  the  advantages,  limitations  and  mitigation  strategies  of  molecular-based  diagnostics. 
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Clinical  Investigation  Facility 

Integrity  -  Service  -  Excellence 


m 

V 


A  Novel  ‘Spin’  To  an  Old 
Technique... 


Maj.  Carlos  J.  Maldonado 
Chief,  Molecular  Diagnostics 
60  MDGySGSE 
Travis  AFB,  CA 


U.S.  AIR  FORCE 


UNCLASSIFIED 


Overview 

•  Current  AFMS  (infectious  disease)  Requirement 

•  Fielded  Platform:  M1M  and  JBAIDS 

•  What  is  Real-Time  PCR? 

•  New  System:  FilmArray 

•  Multiplexing:  Nested  PCR 

•  New  System’s  Capabilities,  Specs,  Pros  and  Cons 

•  What’s  next? 


AEF:  Operational  Tempo 


Current  Medical  Requirement 


How  do  we  monitor 
emerging/endemic  infectious 
diseases  and/or  other 
biological  agents? 

MAJCOMS:  ACC,  AMC,  AFSOC 
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Joint  Medical  Connectivity 


Pre-symptomatic  ‘shedding’ 


Contagious  nature  of  vims  may  linger 

How  rong  people  with  swine  flu  slay  infectious  is  rot  precisely 
known,  but  they  may  be  able  to  spread  It  more  than  a  week 
after  symptoms  first  appear. 


How  doctors  think  swine  flu  progresses  during  contagious  phase: 

Day* 


SOURCES .  Centers  tor  Disease  C&nutri  and  Rrawemtort; 
interviews  win  inioertous  disoiiso  ajtpens 


Biological  Agents 

(Operational  Significance} 


Levels  of  Identification 

(Biological  agents) 


-  Nucleic  Acid  fDNA  &  RNA) 


*  Protein  (structural  &  secreted) 


toxin 


PCR-based 

assays 


ECL-based 

assays 
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ECL:  ElectroChemiLuminescence 


JBAIDS:  Real-Time  PCR 


+  ECL -Based  Tcchnoignv  fljjm 

■  Immuno-fiaa&d  pnfflhoqGnttojd  n  ID 
•  Ailiuncf  1o  PCR,  provider  "fiakJ 
eorflnri  mory"  ID 

PfOiuin  utlM  ii  Ido  nllfic  atitsu 


*  FCR-Haacd  Tcchnafogy  tJBAIDSl 

■  DNA-baitd  (JiiUnsgo^  I D  ompabi  lltv 
-  Adjunel  to  ECU  provide  'Tujld 

cdrUlrmalofy"  ID 

■  Rupl  d  (~4i  irMui^  Preaumplcva 

I  dontill  call  on 


Real-Time  PCR 


New  System:  Test  &  Eval 
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|||  New  System:  ‘Nested’  PCR 


Schematic  of  Nested  Multiplex  PCR 


A  large  volume  multiple*  PCR  (shwm  here  05  4  piew  on  tire  left  side  of  figure)  » run  for  o 
limited  num&ef  or  cycles  1201  The  reaction  is  aiiuted  and  distributed  to  indiutduai  small  real 
lime  PCR  rradwjrre  (hat  wnlsir  primes  (green)  netted  mgude  the  pcwneis  (blue)  of  Hie  first 
PCR  reaction  A  template  amplified  bn  the  first  reaction  (by  the  *3  primers)  is  further  ampft- 
tied  in  only  we  of  the  second  reactions 


■Jtgl  New  System:  ‘Nested’  PCR 


New  System:  Sample  ‘Prep’ 


New  System:  Workflow 


*  As  tested  by  LLV  instructions 


Sup  4.4:  Prepare  Sample  Mu 

J  dp*n  ETTfl  cr  Cn  M  C«**sr*  *tot»  f  *  "CUiUnl*'  r*j*n*d  ft 

□  Rfl*™  .’* . :  .  mtF>  ■  1  •  nnaUurMiv4lm^(v  Da  NOT  OfWSrt  '  . 

J  Uvna6n*lte|l^«»flwK.'  1,  isftitln* 

JMUI-.  v  1*-  md  Ansar  j 


J  rirtV  t 

□  ~.W  lO  **'T*r  '• 

iJ  .401  artim  OKAVti  tf  -  ■ 


w  Urv*  B>A»  b  3rd  ** 


\  w 

i  # 


Idaho  Technology  Inc, 

FilmArray^  Instrument 


Idaho  Technology  Inc. 

FilmArrayg  Instrument 
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New  System:  Results  Report 


New  System:  Specs 


New  System:  Targets 


New  System:  Targets 


The  FilmArray*  Respiratory  Panel 

Simultaneous  detection  of  21  targets 


Viral.  Adanovirus. 

Bocavlrua,  Coronavlrui 
229E.  Coronavlrus  HKU1. 
Coronsvtrus  OC43 
Coronaviiua  NL63 
Enterovm  influenza 

A.  Influenza  A  HI, 

Influenza  A  HI  2009. 
Influenza  A  H3.  Influenza 

B.  Metapneumovirus. 
Parainfluenza  1, 
Parainfluenza  2. 
Parainfluenza  3 
Paramnuenza  4. 
Respiratory  Syncytial  Virua 
and  Rhlnovirus. 


Bacterial:  Bordetolla  pertussis, 
ChlamydophHa  pneumoniae, 
and  Mycoplasma  pneumoniae 


*FDA-cleared  May  2011 


FilmArray  ST1  Panel 

The  MmAiiay  STI  panel  wa  lanvvlp  a  IM  ant)  r.nmprntgyr  tool  hr  leMiny  neiunty 
inn*  milled  MtfOlon* 


*  □ 


•  N  qonorrttonar 
■  C  tracflomew 

•  f  vagmnta 

•  Mgewlaaum 


■  U  parvum 

•  U  urearyvcum 

•  TpoMumHSV 

•  Hducmyi 


1  42 


.  Q 


•  SMphytocoocos  aureus 


FilmArray  BioThreat  Panel 

The  FamAmiy  BuTtreal  panel  w4  provide  a 
Imj logical  Ureal  pattugcm 


I  fftold  WM* 
i  FFFvvim 
i  fienwacto  h^urn.vt 
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New  System:  Targets 


New  System:  Expectations 


•  Simple:  Automated  protocol  requires  only  two  minutes  of  hands  on 
time 

•  Easy:  No  precise  measuring  or  pipetting  required 

•  Fast:  Turnaround  time  of  one  hour 

•  Comprehensive:  21  target  respiratory  panel 


New  System:  Challenges 


♦  Simultaneous  testing  of  multiple  samples  (individuals) 

♦  Complex  clinical  matrices:  blood,  sputum,  stool,  etc. 

♦  Complex  environmental  matrices:  soil,  fatty  food,  pigments 

♦  Real-world  ‘co-mingled'  pathogen  populations 


JBAIDS  Next  Generation  (FY17) 

Key  Performance  Parameters 


Simultaneous  ID  of  multiple 
toxi  ns/pa  thogens 

In  botti  clinical  and  environmental  matrices 

Device  and  assays  must  be  GMP  compliant 

Required  FDA  approval  (clinical  diagnostic) 

Minimal  logistics/ personnel  for  operation 

Operate  using  minimal  or  no  fluidics 

Reagentless  systems  are  highly  desirable 

Automated/integrated  sample  preparation 

Hand-held,  ruggedized  and  of  minimal 
weight 

Onboard  software  capable  of  device 
operation,  output  analysis,  and  information 
transfer 
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Next-Generation  Sequencing  Technology  for  Disease  Detection 
711  HPW/USAFSAM-PHT 
Dr.  James  Baldwin 


Polymerase  chain  reaction  (PCR)  is  a  highly  efficient  method  of  pathogen  detection;  however,  most  PCR-based 
assays  are  unable  to  provide  deeply  multiplexed  detections  (25  or  more).  Furthermore,  such  tests  need 
foreknowledge  such  as  primers/probes  in  a  PCR  reaction.  As  a  consequence,  PCR  tests  are  limited  to  a  small 
number  of  potential  known  microbial  targets  and  are  not  suitable  for  the  detection  of  unexpected  or  newly 
emergent  pathogens.  We  have  demonstrated  that  methods  such  as  degenerate  PCR  may  be  employed  to  detect 
larger  selections  of  organisms,  such  as  newly  emergent  threats,  where  exact  primers  are  unknown.  However, 
with  increase  in  scope  comes  a  greatly  increased  burden  on  the  detection  technology  in  the  form  of  potentially 
numerous  detections  (deeply  multiplexed)  per  sample.  To  meet  the  larger  goal  of  detecting  wide  ranges  of 
organisms  in  a  manner  suitable  for  clinical  and  environmental  surveillance  against  biological  threats,  future 
assays  will  require  enhanced  equipment  and  software.  The  solution  is  next-generation  sequencing  technology. 
These  devices  can  read  many  thousands  to  millions  of  parallel  sequences  in  a  single  run  (sample).  Furthermore, 
they  can  produce  exact  sequences  that  are  far  more  precise  for  identifying  microorganisms  than  PCR  alone. 
Recent  advances  could  allow  such  platforms  to  approach  the  cost  envelope  of  conventional  PCR  testing. 
Assays  based  on  next-generation  sequencing  can  provide  the  capability  to  detect  rapidly  emerging  infections  in 
deployed  forces.  A  mature  test  in  such  a  platform  would  offer  a  massive  boost  to  the  pathogen  identification 
capabilities  commonly  available  in  the  Air  Force.  Distribution  Statement  A:  Approved  for  public  release; 
distribution  is  unlimited.  Case  Number:  8ABW-201 1-2230,  14  Apr  2011. 
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Disclaimer 


I  Every  Airman  a  Force  Multiplier 


The  use  of  trade  name(s)in  this  presentation  does 
not  constitute  an  endorsement  or  approval  of  the 
use  of  such  commercial  hardware  or  software  but 
rather  serves  to  examine  the  scientific  merit  and 
potential  uses  of  the  technology.  This  presentation 
may  not  be  cited  for  purposes  of  advertisement. 
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Emerging  Infectious  Disease 


EID  Is  a  Global  Problem 


Every  Airman  a  Force  Multiplier 

Emerging  infectious  disease  (EID)  is  a  disease 
whose  incidence  has  increased  and  threatens  to 
increase  in  the  near  future. 

v  EID  may  account  for  at  least  12%  of  all  human 
pathogens. 

v  Some  EIDs  include  diseases  caused  by  a  newly 
identified  microorganism  (e.g.,  SARS). 

v  Other  EIDs  can  result  from  a  change  or  evolution  of 
an  existing  organism  (e.g.,  influenza). 

v  Known  infections  that  spread  to  a  new  area  or 
population  (e.g.,  West  Nile  virus)  are  also  EIDs. 
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Upper  Respiratory  Viruses  Cause 
Substantial  Morbidity  and  Mortality 

Every  Airman  a  Force  Multiplier 


Polymerase  Chain  Reaction  Is  a  Rapid 
Way  to  Detect  and  Amplify  DNA 
Sequences 

Every  Airman  a  Force  Multiplier 


v  Over  52  strains  of  human  adenovirus, 
v  Over  10  major  strains  of  influenza, 
v  5  strains  of  noteworthy  coronavirus. 
v  Over  15  major  classes  of  human  pathogens  in 
Picornaviridae. 

v  Most  of  these  are  not  clinically  relevant, 
v  Infrequently  seen, 
v  Cause  illness  of  limited  severity. 

v  However,  several  strains  are  of  the  highest  concern, 
v  These  viral  serotypes  can  impact  the  health  and 
readiness  of  military  personnel. 

OiTU-iVUl>0R.l»tvt4iliHiatiV  Ajjpnr,  etUiir  puhir  «L^ihuii<tn  u  uiUurmaL  C3*  Wumher  SSAfl'V-jHh  i  3*?7.  liuiffll' 


44  r** 


v  Required  specificity  (or  nonspecificity), 
v  Low  complexity  of  sample  handling, 
v  High  throughput. 


Qj*lrf0 u1“ju  itktfiJTUUi l  A:  ApprtnKU  tut  public  rtHG&e,  thAnhulnw  l.  ujUi  jti  TNu/nhur  ?§»i3Vr*-2Cl  1-3  €97, 2?  Inn  JfUJ 


How  Do  We  Get  an 
Identification? 

Every  Airman  a  Force  Multiplier 


Limitations  of  PCR  Alone 

Every  Airman  a  Force  Multiplier 


Getting  from  here....  To  there... 


KK£l&'G«l  ►naa*, 


v  PCR  can  easily  be  used  to  detect  previously  known 
infections. 

v  However,  EID  can  be  problematic.  If  the  EID  is  a  new 
strain,  PCR  will  not  always  produce  the  expected 
results. 

v  PCR  will  either  erroneously  detect  this  EID  as  the  old 
infection,  OR 

v  PCR  will  fail  to  detect  because  the  primers  or  probes 
don’t  match  the  EID. 

v  PCR  alone  simply  does  not  give  enough  information 
to  know  if  this  has  occurred. 


lltfb&utuUt&atanaitA^  Aoprwfa)  IVir  pul»Ucir»l£a£*,  dJitoibuiiiiniI  imJJmiieiL  mu  Numbti.  HAD  ilimiflj 
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PCR  and  Sequencing  Offer  a 
Solution 


5* 


Sequencing  Used  to  be  Cost 
and  Labor  Intensive 


F.vsry  ,-tir mu  a  Farrs  3tfu/tipllsf 

v  Sequencing  a  PCR  product  to  identify  it  is  not  new: 
it  is  simply  becoming  very  affordable, 

v  If  tests  relied  on  sequencing  as  a  detection  method, 
more  general  PCR  tests  could  be  utilized, 

-  Sequencing  provides  the  opportunity  for  more 
possible  detections  per  test 

v  Generating  more  than  20  or  30  products  in  a  single 
test  is  not  a  problem  for  many  sequencing  methods, 

-  Sequencing  is  a  perfect  way  to  see  the  similarities 
between  organisms  and  identify  EIDs. 


1990s 


Eiyry.  Il/mm  a  Font  tfnhiplisr 

2000s 


2010 


A  T  0  C 


MJfrhW-iftlMf*?, »  Jut  i*H 


Pyrosequencing,  Just  One  Way,,, 


Light  is  generated  for  each  bate 

liKorpa  rated,  ^T-T^n 


Next -Generation  Pyrosequencing 
is  Becoming  Affordable 


1  Ewry  i  Irrwan  n  f  'cirri-  Ultdiiptif/ 
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There  Are  a  Number  of 
Platform  Choices 

Every  Airman  a  Force  Multiplier 


I  Every  Airman  a  Force  Multiplier 


*  Currently  there  are  no  less  than  four  major  vendors 
for  this  type  of  product.  Most  vendors  have  a  range 
of  devices  to  suit  the  needs  of  the  customer.  Prices 
range  from  $50,000-$400,000. 

v  Expect  the  cost  to  go  down  and  the  throughput  to 
increase. 


v  Bioinformatics  analysis  is  used  to  determine  the 
best  genome  sites  for  placing  PCR  test. 

v  The  analysis  identified  regions  of  similarity  and 
divergence. 

v  Primers  (some  degenerate)  with  the  best 
thermodynamic  properties  in  these  regions 
were  selected. 

v  The  divergent  regions  are  sequenced. 

v  The  DNA  sequence  is  usable  as  a  barcode. 


rz<«iri9idi(ja,vu(ttntinl  4c  ftjtpravca  t<u  pubiicreifetf a*\lrfbuAjiin  u  tuiiunitetL  flfamter  M€V7,i*  K 


Designing  the  Assays 


I  Every  Airman  a  Force  Mu 


W  Proof  of  Concept:  Upper  Respiratory 
Virus  Serotype  Panel  for  the 
Pyrosequencer 

Every  Airman  a  Force  Multiplier 

V  To  detect  and  serotype  seven  major  classes  of  virus: 
v  Coronavirus  (including  SARS) 

-  50  unique  strains  in  GenBank 

Human  adenovirus  (including  3,4,7,11 ,14,8*21} 

-  52  unique  strains  in  GenBank 

Influenza  A,  B,  &  C  virus  (including  pandemic  N1H1) 

•  1358  unique  strains  in  GenBank 

W  Metapneumovirus 

•  13  unique  strains  in  GenBank 

Parainfluenza  (including  mumps  and  Sendai) 

-  25  unique  strains  in  GenBank 

Picornaviridae  (coxsackievirus,  echovirus,  enterovirus,  poliovirus, 
rhi  novirus 

-  936  unique  strains  in  GenBank 

-  Respiratory  syncytial  virus 

•  12  unique  strains  in  GenBank 

ClisixibutMft  Statement  a.  yublitrttesfit,  distritanfeis  WiUimjUd.  Cast  Number.  SUBW-MU-3«97.2SJflui2flll  16 
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How  the  Results  Are 
Determined 

Every  Airman  a  Force  Multiplier 


Detection  of  Novel  Viruses  Can 
Be  Done  with  Public  Tools 

Every  Airman  a  Force  Multiplier 


v  Detection  is  made  by  simply  matching  the  resulting 
sequence  to  a  database  of  possible  hits. 

v  By  crafting  the  database,  we  can  display  as  many  or 
as  few  hits  as  desired  by  the  end  user. 

Selficitfcd  Database: 

&L\ 895155*1  13330-1562*  KUran  COXOnaviXUS  HKUl  *C7CC7XIT?»raCiZaCCC77^iZ»7^7»CC^CCCraC»Ca73«C7X777CaC 
pi |  38018022  15030-1537*  Kurin  coxonaviXUS  0C*3  XC7XC7XG7GC(aCC*CUC77J&CX7M7J&CXCXmCC*C*CX7X*CXX7TlLAC 

pi |  121  757*5  1*256-1*330  Kuran  COXOCiaviXUS  22 SE  * OU C77C7* CCZ CC» iriTTTTAAAA 7XAAA CCCZ CCX TTTlIAA 77JU CM CCTCiTC 
pi  |  30271926  131*6-13**0  SXES  coxonavlx OS  CG*7C*7t:Tli:iyiCC?UUT17J&a7X7X(ma(mmxaC*C*7C*CC*7C7C*C 

pi  |  17529670  13080-133  7*  flovina  COXOnavirus  AC7XC7XrcCCC*CC*CCC7™c»7X*7^iZ*CCa^ 

pi  1 138632126  1*132- 1**2 67UI key  coxonavixuc  J&^CC7aC7t7CO&a^L!L!^^^^C^73^7anZ^CC7^^CC73^AJ^CaLi^^?CAC 

pi 1 19387376  1*336-1*630  P OXCine  ^pitfaric  diaixfi  A C% iICT* C7» CC» CC7CCC77CJUU 7AAAA CCTCTCCT. 77* C*A 7*AA CU OTCa C 
pi |  8571861*  13080-133 7*  Poxcina  ttavapplutinatin  ACTACTAl^CCCaCCACCCTTAAiZATAATAACACCCACCACACATAAlZAATTTCAC: 

pi  |  25^520077  2«D53-2<5  7SZr.fOCtiOUC  broncftltis  *C7»C7*rajraCC»rcC77»AC»7»AA7CnrC»CC7^ 


p  BLAST 

^  M  BBHH I 


f-nn  Uut>i>  Sequence 

Cm*#  •cxvmAoo  number,  gl.  u«  FASTA  Mqucncv  | 

>rium  >61 

a»JSArSTTCC*CC7OTTTAACAntfACTG^ 


Align  two  or  more  soqooncct  • 

Ctmow  Stum  IkSW 


uc  *  transcric*  t  foi  •* 


hil»v7MOTXKfci.rimj'iiK40v/ 
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Detection  of  Novel  Viruses  Can 
Be  Done  with  Public  Tools 


Typical  Limits  of  Detection 


I  Every  Airman  a  Force  Mu 


Every  Airman  a  Force  Multiplier 

Most  samples  are  readily  detected  down  to  10  7  or 
10 8  dilution  from  ATCC  stocks.  This  is  comparable 
to  or  better  than  PCR  alone. 
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v  Sequence  information  allows  for  fuzzy  matches  that 
can  allow  the  early  detection  of  EIDs. 

v  Due  to  the  nature  of  sequencing,  it  is  very  hard 
(almost  impossible)  to  get  a  false  positive. 

-  However,  false  negatives  are  still  possible.  This  is 
manageable  by  using  controls. 
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Proof  of  Concept  Assays 
Show  Merit 

f  s try  Jjtjmfi  a  Farrr  Maldptifr 


Future  Directions 


■  Fray  limoi  a  Fm.ff  MaMpli 


"  Degenerate  PCR  followed  by  next-generation 
sequencing  methodology  offers  several  unique 
directions  for  future  assays, 

v  Allows  deep  multiplexing, 

v  Is  amenable  to  several  different  instruments. 

v  Can  readily  detect  large  subsets  of  similar  organisms. 

v  Can  individually  identify  members  of  these  groups. 

t'  IHIMHI  JiatrM*  AWfMM  YW*t  r  W  ttU  V  Jll  V»*Y»  *■  1M1 


Deep  multiplexing  with  next-generation  sequencing 
offers  the  same  diversity  of  sample  types  as 
conventional  PCR. 


Sequencing  assays  are  more  tolerant  of  multiple 
detections. 


L"'UlrHiul  r-LiUWin  ,ii  .IKPFT' «l  ]*|  (YVll*T~'f“-  -f  f“  Out  iJitllW  f*IJ  WT,  Al  tmi  JH1 


Problems  to  Overcome 


r 


FHT  Mission 


L  '-in  Airrwn  a  tv:rr  MnliipUrr 

v  Assay  complexity  -  Sequencing  is  one  more  step 
than  PCR. 

v  Cost  -  This  will  be  reduced,  but  right  now  it  is  too 
expensive  for  routine  testing. 

Bjo informatics  can  readily  serotype  today. 

However,  more  tools  wilf  be  needed  to  easily  identify 
new  EIDs. 

v  Customer  acceptance  of  slightly  more  complex 
results, 

■*  FDA  clearance. 


1 1  rcrj  Au man  a  Faria  MulSifihtr 


Provide  continual  and  rapid  evaluation,  validation, 
and  transition  assistance  of  new  off-the-shelf 
technologies  arid  identify  emerging  technologies 
(“technology  disooveryp)  to  fill  critical  gaps  in  force 
protection,  rapid  diagnostics,  epidemiology,  and 
preventive  medicine,  including  CBRNE 
identification,  to  meet  Air  Force  global  mission 
requirements. 
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